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FOREWORD 

The  Defense  Logistics  Agency  Operations  Research/Economic  Analysis 
Symposium  was  held  12-13  July  1977.  It  provided  the  opportunity  for  all 
concerned  DLA  personnel  to  meet  and  discuss  the  various  actions  being 
taken  throughout  the  command  with  respect  to  operations  research  and 
economic  analysis.  The  purpose  of  the  Symposium  was  to  promote  an  inter- 
change of  ideas  and  technical  information  between  field  and  Headquarters 
representatives  in  order  to  obtain  more  effective  use  of  these  tech- 
niques in  DLA. 

Enclosed  are  submissions  for  all  presentations.  Where  actual  papers  were 
not  submitted,  summaries  of  the  presentations  are  provided.  A list  of 
contributors  and  their  phone  numbers,  along  with  a list  of  all  attendees, 
are  also  furnished. 
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OK/EA  SYMPOSIUM  WELCOMING  SPEECH 
by 

GENERAL  STERLING 


General  Sterling  began  his  welcoming  address,  by  stating  that 
he  considers  OR/EA  to  be  one  of  the  Important  functions  for  DLA 
planning.  More  and  more  the  Government  Accounting  Office  (GAO), 

DOD  and  Congress  raise  questions  concerning  our  need  for  particular 
systems  or  projects.  We  must  be  able  to  show  that  we  have  performed 
objective,  logical  economic  analyses  and  have  considered  all  of  the 
alternatives.  He  stated  that  DLA  must  rely  to  an  even  greater  ex- 
tent than  before  upon  logical  scientific  management  techniques; 
adding  that  OR/EA  staffs  In  DLA  may  be  small,  but  they  are  well 
qualified,  and  management  should  make  good  use  of  them. 

In  the  future,  there  should  be  greater  sharing  of  the  overall 
DLA  scientific  talent.  Studies  performed  at  the  Headquarters  affect 
field  activities,  just  as  studies  performed  in  the  field  affect  the 
Headquarters.  Joint  participation  Is  essential  to  good  results. 

The  Headquarters  OR/EA  staff  will  be  relying  to  a greater  extent 
upon  the  OR  talent  in  the  field.  When  a study  is  required  at  DLA, 

It  should  be  developed  and  planned  by  the  Headquarters  OR/EA  Office 
and,  -v^ere  appropriate,  farmed  out  to  those  OR  people  who  are  close 
to  the  problem  and  the  data.  Then  their  results  should  be  collated 
at  the  Headquarters  and  an  overall  DLA  report  published.  In  this 
manner,  we  can  make  even  better  use  of  the  scarce  OR  talent. 

A few  of  our  unsolved  issues  and  problems  in  logistics  are: 

Supply  Management.  About  507.  of  the  Defense  Logistics  Agency's 
mission  Is  supply.  Although  we  have  done  quite  well  in  this  area, 
we  can  continue  to  Improve  our  materiel  distribution  system.  The 
JLC  Department  of  Defense  Materiel  Distribution  Study  Group  is 
presently  conducting  an  In-depth  study  of  all  DOD  depots.  When 
the  results  are  published,  it  will  fall  upon  the  operations  re- 
search analysts  to  help  management  review  and  understand  what  has 
been  done. 

Procurement  Management.  The  procurement  people  and  the  supply 
people  have  many  common  interests.  EOQ,  phased  deliveries,  small 
business  and  lead  times  offer  areas  for  furthur  study. 

Transportation  Is  interwoven  closely  with  Supply  Distribution 
and  procurement  Management*  Transportation  is  the  largest  time 
segment  in  the  pipeline  and  in  DLA  there  is  a variety  of  trans- 
portation problems  such  as  surface  shipments,  air  shipments,  DICOMSS, 
DPDO,  and  the  Intransit  Visibility  Systems. 
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Facilities  Management.  There  have  been  several  studies  going 
on  In  these  areas;  the  DESC  Depot  Mission,  the  DPDOs,  the  DCASRsj 
DOOMDS  Is  looking  at  all  the  depots  and  In  the  normal  course  of 
events,  OLA  shall  be  examining  the  ICPs. 

In  relation  to  facilities  management,  the  area  of  Bureau  of  the 
Budget  Circular  A-76  needs  to  be  addressed.  More  economic  analyses 
need  to  be  conducted  to  assist  In  decisions  of  contracting  out  versus 
doing  things  ln>house. 

Manpower  Planning  is  an  area  of  research  for  forecast  of  manpower 
and  training  requirements.  The  Executive  Director  for  QA  has  stated 
the  first  DIA  effort  In  this  area,  and  the  Headquarters  OR  shop  Is 
developing  a model  for  Quality  Assurance  personnel.  There  are  un- 
doubtedly other  applications. 

ADPE.  And  not  the  least  concern  Is  phenominal  growth  of  computer 
applications. 

General  Sterling's  concluding  remark  was  that  the  OR/EA  analysts, 
by  working  as  a team,  can  become  one  of  the  most  influential  factors 
in  the  planning  and  management  of  the  Denfense  Logistics  Agency. 


CURRENT  TRENDS  IN  ECONOMIC  ANALYSES 


by  Louis  Zamarra 


INTRODUCTION 


This  morning  I would  like  to  discuss  economic  analysis  in  DLA: 

1.  The  type  of  economic  analyses  we  perform  in  Headquarters  and 
how  we  otherwise  keep  busy, 

2.  Introduce  you  to  those  who  do  these  analyses,  and 

3.  Discuss  some  current  trends  in  economic  analyses. 

ECONOMIC  ANALYSIS  DEFINED 


For  those  in  the  audience  not  acquainted  with  economic  analysis, 
let's  define  it.  Economic  analysis  is  nothing  mysterious  or  exotic. 

It  is  nothing  more  than  a systematic  way  of  examining  problems  which 
involve  the  expenditure  of  funds.  The  three  major  steps  in  the  process 
are: 

1.  Define  what  needs  to  be  done  - determine  the  objective. 

2.  Identify  alternative  ways  of  accomplishing  what  needs  to  be 
done.  There  are  almost  always  alternatives;  one  alternative  frequently 
being  not  to  do  anything. 

3.  Costing  those  alternatives  in  terms  of  one-time  and  recur- 
ring costs. 

Economic  analysis  is  intended  as  an  aid  to  the  decision-maker  by 
showing  him  the  economics  or  costs  of  each  alternative.  Economic  anal- 
ysis does  not  make  decisions;  management  makes  decisions.  Certainly, 
management  is  in  a much  better  position  to  make  decisions  when  it  knows 
the  economic  consequences  of  the  proposal.  But  management  must  also 
weigh  the  noneconomic  factors  which  the  analyst  may  not  have  considered, 
such  as  the  environmental  consequences,  the  political  consequences,  and 
the  fact  that  there  may  be  other,  more  pressing  needs,  for  the  limited 
resources  at  its  disposal. 

Our  job  is  to  either  perform  economic  analyses  when  asked  or  to 
encourage  the  proponent  to  perform  the  economic  analysis  himself.  The 
proponent  is  usually  in  a much  better  position  to  fully  assess  the 
benefits  of  his  proposal.  We  provide  assistance  as  required.  We've 
found  that  economic  analysis  is  also  a useful  planning  tool  in  that  it 
forces  one  to  think  through  his  problem  and  look  downstream  as  to  the 
full  consequences  of  the  proposal.  A further  benefit  of  performing  an 


economic  analysis  and  having  it  documented  is  that  it  can  then  serve  as 
a benchmark  to  determine  how  well  we  estimated  the  costs  and  if,  in  fact, 
the  projected  savings  were  realized. 

PAST  PROJECTS 


Most  of  the  economic  analyses  that  we  have  performed  relate  to  auto- 
matic data  processing  projects.  Our  Agency  spends  about  10%  of  its  annual 
budget  in  ADP  and  most  new  proposals  are  reviewed  at  the  OSD  level.  For- 
tunately, the  OSD  Comptroller  who  reviews  ADP  projects  always  asks  if  an 
EA  has  been  performed.  We  have  also  worked  on  some  consolidation  projects, 
MILCON  projects,  and  some  projects  on  behalf  of  OSD. 

Last  year  we  published  a Compendium  of  projects  completed  by  our 
Office.  Most  of  those  projects  that  we've  worked  on  are  abstracted  therein. 
Copies  of  the  Compendium  were  forwarded  to  all  field  activities  and  head- 
quarters staff  elements.  If  anyone  wishes  a copy,  we  still  have  a few 
left. 

We  plan  to  update  the  Compendium  later  this  year.  If  anyone  has  a 
completed  OR/EA  study  and  would  like  to  have  it  included,  please  send  it 
to  our  Office,  DLA-LO.  We  are  particularly  interested  if  the  results  or 
the  methodology  may  be  useful  to  others. 

CURRENT  PROJECTS 


Some  of  the  projects  we  are  working  on  now  include:  an  evaluation  of 
a Technical  Information  Storage  and  Control  System  - this  is  a proposed 
computerized  system  which  provides  a cross-reference  of  DoD  drawings  and 
part  numbers  and  automatically  generates  external  data  requests  to  the 
Military  Services  reposi tci^ies  and  industry.  Another  project  involves 
statistical  assistance  :o  DIPEC  in  analyzing  a government  visibility  sys- 
tem for  Other  Plant  Equipment  in  the  hands  of  contractors,  as  opposed  to 
Industrial  Plant  Equipment.  Another  project  is  the  determination  of  a 
proper  overhead  charge  to  be  allocated  to  various  economic  studies.  A 
fourth  project  is  the  preparation  of  an  economic  analysis  manual  which 
will  serve  as  a cookbook  and  show,  in  easy  to  understand  fashion,  how  to 
perform  your  own  economic  analyses.  We  hope  to  have  the  manual  completed 
before  summer  is  out  and  will  hiake  wide  distribution  of  it  throughout  the 
Agency. 

THE  EA  BRANCH 


Now  I would  like  to  introduce  the  people  who  are  working  on  these 
projects.  I have  a B.S.  degree  in  Engineering  from  Newark  College  of 
Engineering  and  an  MBA  from  Auburn.  My  colleagues  are:  David  Polinsky 
who  has  a B.A.  in  Math  from  Brooklyn  College,  Dick  Brown  who  has  a B.S. 
in  Math  from  Maryland  University  and  is  currently  working  on  an  MBA  at 
American  University;  and  Denise  Wieczorkowski  who  has  a B.A.  in  Economics 
from  Indiana  University  of  Pennsylvania  and  an  M.A.  in  Economics  from 
George  Mason  University. 


CURRENT  TRENDS  ECONOMIC  ANALYSES 


0MB  CIRCULAR  A-76.  This  is  an  instruction  issued  by  the  Office  of 
Management  and  Budget  which  prescribes,  amongst  other  things,  how  anal- 
yses are  to  be  performed  which  compare  contracting  out  versus  doing  the 
work  in-house.  Prior  to  last  fall,  9%  was  prescribed  as  an  add-on 
factor  to  represent  the  government's  contribution  to  employee  benefits. 

Last  fall,  the  Ford  Administration  issued  a change  to  A-76  which  indicated 
the  rate  to  be  used  should  be  28%.  The  Carter  Administration  has  recently 
changed  the  rate  to  18%.  0MB  is  currently  studying  the  problem  and 
should  finish  its  deliberation  before  summer  is  out.  We  have  provided 
some  input,  indicating  that  there  should  be  consistency  in  the  analysis 
methodology  prescribed  by  the  various  0MB  circulars.  As  some  of  you  may 
know,  our  Economic  Analysis  Regulation,  DLAR  7041.1,  derives  from  0MB 
Circular  A-94  which  differs  considerably  from  A-76.  We  have  pointed  out 
some  of  the  inconsistencies,  and  hopefully  some  changes  will  be  made. 

The  implications  of  the  higher  add-on  rates  for  government  benefits 
bode  ill  for  labor-intensive  functions  for  two  reasons.  First,  it  will 
push  more  work  into  the  private  sector  when  comparing  in-house  versus 
contracting  out  projects.  Secondly,  it  will  make  more  automation  of  manual 
operations  profitable.  Dick  Brown  will  have  more  to  say  on  this  subject 
tomorrow  morning. 

MILCON.  Another  area  which  will  see  increased  use  made  of  economic 
analysis  is  in  the  justification  of  Military  Construction  projects.  All 
Military  Services  were  recently  criticized  by  GAO  in  their  failure  to 
perform  adequate  economic  analyses  for  MILCON  projects.  Two  years  ago, 
in  DLA,  we  instituted  a procedure  for  evaluating  MILCON  requests  which 
gave  considerable  weight  to  those  which  were  economically  justifiable. 

Those  projects  which  had  no  economic  justification  usually  ended  up  at 
the  bottom  of  the  shopping  list. 

We  have  recently  asked  our  Installation  Services  Directorate  to  change 
their  MILCON  regulation  to  specify  in  the  justification  that  an  EA  has 
been  performed  or,  if  not,  why  not. 

DIFFERENTIAL  COSTS.  A third  area  of  current  interest  in  economic 
analysis  can  be  covered  under  the  general  umbrella  of  differential  costs. 

By  this  I mean  that  there  will  be  some  changes  made  in  the  way  we  treat 
certain  costs  in  future  economic  analysis.  The  emphasis  will  be  on 
examining  future  cost  differentials  when  examining  alternatives  as  opposed 
to  our  past  emphasis  of  examining  total  costs.  In  this  context,  our 
project  on  determining  overhead  costs  which  I mentioned  earlier,  may  have 
limited  value.  An  allocation  of  overhead  costs,  in  our  current  thinking, 
will  be  unnecessary  unless  the  overhead  will  in  fact  change  by  adoption 
of  a certain  alternative.  I think  this  is  consistent  with  the  concept  of 
sunk  costs. 
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Under  the  sunk  cost  concept,  we  downplay  costs  already  expended. 

While  they  may  be  nice  to  know,  sunk  costs  are  eliminated  in  examining 
alternatives.  The  idea  being  that  it  should  not  influence  the  decision; 
it's  unwise  to  throw  good  money  after  bad. 

OPPORTUNITY  COSTS.  Another  important  area  deserving  mention  is  the 
explicit  identification  and  inclusion  of  opportunity  costs  when  comparing 
alternatives,  particularly  if  there  is  an  alternative  use  for  the  resources. 

When  considering  personnel  resources,  we  always  assume  that  the  personnel 
would  otherwise  be  gainfully  employed.  The  explicit  identification  of 
opportunity  costs  will  also  make  the  economic  analysis  a more  useful  tool 
for  the  budgeteers;  they  are  more  interested  in  the  addition  or  deletion 
of  resources  which  the  adopted  alternative  dictates.  Identifying  the 

opportunity  costs,  simplifies  the  procedure.  ] 

CONSERVATISM.  A final  point  I would  like  to  make  is  that  in  future  j 

economic  analyses,  we  will  stress  the  principle  of  conservatism.  By  this  i 

I mean  that  when  there  is  uncertainty  about  costs,  they  should  be  over-  ! 

stated,  particularly  as  the  costs  pertain  to  the  preferred  alternative.  i 

Likewise,  if  there  is  uncertainty  about  benefits  or  savings,  these  should  i: 

be  understated.  If  the  project  is  still  worthwhile,  it  will  in  all 
probability  be  approved. 

SUMMARY 

Most  of  these  points  should  be  adequately  covered  in  the  Economic 
Analysis  Manual  which,  as  mentioned  earlier,  will  be  distributed  later 
this  summer. 

To  sum  up,  look  for  increased  usage  of  economic  analyses,  particularly 
with  respect  to  Military  Construction  Projects.  Also  look  for  consistency 
of  approach  to  various  type  economic  analysis,  a higher  rate  than  9%  for 
government  benefits,  increased  attention  to  differential  costs,  explicit 
identification  of  opportunity  costs,  and  a conservative  approach  in  under- 
taking economic  analyses. 
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PITFALLS,  PRATFALLS  AND  PRACTICAL  APPLICATIONS 
OF  OPERATIONS  RESEARCH 


by 

Laurence  6.  Kohler 


My  concept  of  what  this  Symposium  is  all  about  is  to  enhance  the  quality 
of  management  decision-making  in  DLA  through  the  use  of  operations 
research  and  economic  analysis. 

I came  across  these  words  describing  OR  in  another  meeting  I recently 
attended. 

"The  characteristics  of  this  profession  are  the  difference 
between  its  literature  and  its  practice,  and  the  strength 
of  the  faith  of  some  of  its  practitioners.  It  possesses 
idols  and  prophets,  and  strong  expansionist  tendencies, 
linked  to  an  attempt  to  patent  the  intellectual  virtues. 

Its  practitioners  have  been  described  as  physicists  now 
rediscovering  elementary  economics.  Current  tendencies 
include  a demand  for  salesmanship  and  efficient  rhetoric 
from  its  neophytes." 

Though  these  words  are  obviously  facetious  you  will  note  some  element  of 
truth  in  them.  That  is  why  I have  titled  my  remarks  Pitfalls  and  Prat- 
falls as  well  as  Practical  Applications.  OR  can  be  a powerful  aid  to 
decision-makers  - but  only  if  it  is  properly  applied.  Applied  errone- 
ously, it  can  be  disastrous. 

To  talk  about  OR  we  need  a common  understanding  of  what  it  is.  Those  of 
us  who  are  practitioners  should  know  what  it  is.  For  those  that  are 
managers;  hopefully  we've  done  something  for  you  sometime  which  has  given 
you  at  least  a hint  of  what  OR  is  all  about.  Just  for  the  record,  however. 
I'll  read  the  definition  of  OR  found  in  our  own  DLA  Reg.  5100.3: 

"OR  and  EA  refers  to  quantitative  analysis  of  a problem 
and  alternative  solutions  thereto,  commonly  referred  to 
as  'advanced  (scientific)  aids  for  decision  making'  and 
encompassing  the  techniques  of  management  science, 
operations  analysis,  systems  analysis,  decision  theory, 
probability  statistics,  cybernetics^  mathematical  pro- 
granming,  queuing  theory,  game  theory,  inventory  theory, 
and  simulation. . . " 

To  me  the  operative  words  in  that  definition  are:  quantitative;  problem; 
and  solutions.  As  the  rest  of  the  definition  implies,  OR  is  definitely 
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the  application  of  quantitative  techniques  to  the  solution  of  problems. 

And  this  is  the  point  I want  to  emphasize  to  the  practitioner:  OR  is  the 
solution  of  real  problems,  not  the  application  of  a pet  theory  or  tech- 
nique. The  use  of  mathematical  theory  and  tools  is  justified  only  to  the 
extent  that  it  yields  improved  solutions  to  real  problems.  As  long  as 
over-all  economics  is  a criterion,  the  cost  of  using  sophisticated  tools 
is  as  real  as  any  other  cost  and  must  be  considered  in  appraising  the 
merits  of  such  tools.  More  about  that  in  Pitfalls  and  Pratfalls.  First, 

I want  to  talk  about  the  good  news:  Practical  applications: 

Most  of  you  who  have  made  OR  studies  or  have  had  the  benefit  of  an  OR 
study  of  some  problem  are  well  aware  that  a key  concept  of  OR  is  the  use 
of  mathematical  models;  simulation  models;  transportation  models;  linear 
programming  models;  analytical  models;  etc.  The  goal  of  decision-mai mq 
is  to  arrive  at  a decision  and  implement  it  in  the  real  world.  What  lies 
in  between  is  a process  of  mapoing  the  real  world  into  a simplified  model 
(conceptualization)  and  deriving  a solution  from  it.  It  is  this  simplifi- 
cation process  that  is  both  the  strength  and  weakness  of  OR. 

PRACTICAL  APPLICATIONS 


Some  practical  examples  of  how  OR,  through  the  use  of  simplified  models, 
has  and  can  help  the  OLA  manager  are: 

1.  Economic  Order  Quantities  (EOQ)  - Compares  the  cost  of  buying  an 
item  with  the  cost  to  hold  the  item  to  determine  how  often  and  how  much 
to  buy.  Another  factor  now  being  considered  for  inclusion  in  DLA's  EOQ 
model  is  the  discount  offered  by  many  vendors  for  buying  large  quantities 
of  an  item. 

2.  Safety  Levels  (VSL)  - This  model  determines  how  much  safety  level 
to  hold  for  each  item  in  order  to  minimize  the  average  time  items  are  on 
backorder  given  a certain  investment  in  safety  level  stock. 

3.  Economic  Retention  - This  model  determines  how  much  stock  on  hand 
should  be  retained.  The  model  uses  the  cost  of  procurement,  storage  and 
disposal  and  the  probability  of  future  demands  for  an  item  to  compute 
retention  levels. 

4.  Item  Stockage  - This  model  determines  whether  it  is  economic  to 
stock  an  item  which  is  centrally  managed  by  DLA.  DoDI  4140.42  prescribes 
the  model  to  be  used  for  initial  provisioning  items.  A similar  model  for 
items  already  in  the  system  has  been  developed  and  is  still  being  evaluated. 
The  delay  in  implementation  is  not  due  to  deficiencies  in  the  model  but 
rather  in  the  values  assigned  to  the  elements  in  the  model,  a problem  I'll 
discuss  under  Pitfalls. 

• 

5.  Distribution  Patterns  - Those  of  you  in  the  distribution  end  of 
the  business  are  familiar  with  the  use  of  transportation  models  to 
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determine  where  to  position  our  stock.  These  models  use  inbound  and 
outbound  transportation  costs  to  determine  ideal  stock  locations  within 
the  DLA  depot  system.  You  may  be  aware  of  the  DoDMDS  study  which  is 
attempting  to  use  a transportation  model,  with  some  other  esoteric  tech- 
niques to  determine  an  optimum  DoO  distribution  system. 

6.  DICOMSS  - This  model  attempted  to  simulate  the  DICOMSS  operation 

at  DOMP  in  order  to  evaluate  alternative  ways  of  performing  that  operation. 

7.  Tanker  Scheduling  - This  model  determines  the  scheduling  of  ocean- 
going tankers  supplying  petroleum  products  so  as  to  minimize  the  total 
cost.  A more  sophisticated  modelling  of  the  fuels  distribution  system  is 
now  underway  in  DFSC.  It  will  cover  all  facets  of  fuels  distribution. 

8.  Stock  Availability  vs.  Resources  - The  US  IMS,  a model  of  SAMMS, 
was  used  to  develop  a methodology  for  minimizing  degradation  of  stock 
availability  if  funds  are  reduced  or  conversely,  of  minimizing  the  invest- 
ment in  stock  funds  and  operating  costs  to  achieve  higher  availability 
goals.  This  project  illustrates  the  versatility  of  usefulness  of  the 
USIMS  as  a tool  available  to  all  Supply  Center  managers. 

9.  Manpower  Planning  - This  model  will  forecast  the  number  of  new 
Quality  Assurance  personnel  needed  in  the  future  to  replace  current  per- 
sonnel who  leave  the  Quality  Assurance  field  for  one  reason  or  another. 

If  successful,  this  model  has  great  potential  for  application  in  other 
fields. 

These  examples  illustrate  some  of  the  kinds  of  challenges  which  have  been 
or  are  being  tackled  by  OR.  You  can  see  from  these  examples  the  diver- 
sity of  OR  application. 

A couple  of  problems  which  are  potentially  soluble  by  OR  were  surfaced  at 
last  week's  Monthly  Management  Review:  (1)  The  old  bugaboo  of  customer 
returns  - we  need  a criterion  for  determining  how  much  and  when  to  accept 
returns;  (2)  Efficiency  vs.  Effectiveness  - how  can  we  usefully  relate 
productivity  to  the  quality  of  our  product  or  service. 

PITFALLS 

Now  that  I've  illustrated  the  usefulness  of  OR  in  helping  managers  make 
better  decisions,  I want  to  point  out  some  limitations  or  pitfalls  to 
watch  out  for. 

1.  Being  a slave  to  a technique  - there  are  many  quantitative  techni- 
ques available  to  the  operations  researcher  which  are  very  powerful  when 
properly  applied.  Some  of  these,  such  as  simulation  or  regression 
analysis  are  very  flexible  and  are  used  as  readily  as  algebra  by  our 
analysts.  Others,  like  queuing  theory  or  special  algorithms  for  trans- 
portation or  assignment  problems  are  more  esoteric  and  we  don't  find  much 
real  world  application,  even  though  we'd  love  to  try  them.  The  pitfall 
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that  we  practitioners  must  look  out  for  is  that  we  don't  distort  the  "real" 
world  in  trying  to  make  our  problems  fit  the  available  techniques,  whether  . 

the  technique  is  simple  or  sophisticated.  The  most  recent  example  I can 
think  of  is  the  use  of  mathematical  programming  to  solve  a stock  assign- 
ment problem.  This  would  appear  to  be  a classic  problem  which  has  been 
addressed  thousands  of  times  in  classrooms  and  textbooks.  However,  those 
solutions  always  seem  to  come  pre-packaged  with  all  the  necessary  data,  a 
condition  we  don't  seem  to  find  in  the  real  world.  In  this  case  a modified 
approach  to  solving  the  problem  had  to  be  taken  using  a combination  of 
math  programming,  plain  old  algebra  and  common  sense. 

My  point  is  don't  oversimplify  in  attempting  to  model  the  real 
world,  just  so  the  solution  can  be  reached  using  a particular  technique. 

A pitfall  also  exists  for  the  manager  regarding  oversimplification. 

I know  its  faster,  cheaper  and  easier  to  reduce  our  decision  rules  to  j 

one,  two  or  three  numbers.  I have  no  argument  with  that,  when  it  does  i 

not  affect  the  quality  or  economics  of  the  decision.  But  often  we  are  ! 

dealing  with  complex  problems  which  cover  many  different  circumstances.  i 

To  replace  an  OR  developed  formula  which  accounts  for  these  diversities,  !: 

with  a one  or  two  number  threshold  sometimes  produces  bizarre  results. 

Just  because  we  can't  always  give  you  neat  threshold  values,  don't  throw 

the  product  away.  Let  us  test  the  results  of  our  formula  against  your 

thresholds  to  see  if  it  makes  any  difference  in  the  outcome.  Complexity 

for  complexity's  sake  is  not  our  bag.  \ 

2.  Data  - There  are  several  pitfalls  regarding  data  which  we  must  be 
wary  of: 

a.  When  it  doesn't  exist  - the  danger  here  is  to  assume  data 
that  don't  exist  rather  than  collect  accurate  data.  We  usually  fall  into 
this  trap  when  we  are  pressured  for  a quick  answer.  To  the  practitioner 

I say:  if  you  must  assume,  test  your  outcome  through  sensitivity  or  risk 
analysis;  to  the  manager  1 say:  if  you  want  a quick  answer  and  data 
aren't  available,  be  careful  how  you  use  the  result.  We  have  experienced 
several  cases  recently,  where  historical  data  are  not  available.  One  of 
the  projects  in  the  mill  is  to  develop  an  adequate  data  base. 

b.  Imprecise  data  - the  danger  here  is  in  producing  precise  ' 

-answers  from  imprecise  data.  The  nature  of  many  OR  techniques  causes 

them  to  produce  very  precise  answers  which  then  become  fact.  Often  these 
answers  come  from  initial  data  which  is  very  imprecise  (estimates  or 
averages).  OR  models  are  somewhat  like  computers  - they  operate  under 
the  GIGO  principle.  But  I'm  not  talking  about  garbage,  but‘rather  good 
data  interpreted  improperly. 

1 

3.  Bitiitg  off  more  than  we  can  chew  - the  problem  here  is  soTOwhat  ' ’ " 

like  some  of  our  dat^  systems  - we  try  to  squeeze  the  whole  world  and  all 

its  problems  in  a single  model.  We  usually  wind  up  with  a much  smaller 
product  which  took  two  or  three  times  as  long  to  develep  than  if  we  had  • 
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set  our  sights  lower  to  begin  with.  The  recent  RIMSTOP  simulation  is  a 
good  case  in  point.  We  wound  up  with  an  excellent  product  but  it  was 
much  smaller  in  scope  than  originally  envisioned  and  took  a year  longer 
than  planned  to  complete. 

This  list  of  pitfalls  is  by  no  means  exhaustive  but  I think  I've  covered 
the  major  ones. 

PRATFALLS 


Webster  defines  a Pratfall  as  a fall  on  the  buttocks.  We've  experienced 
a few  of  those  in  the  application  of  OR.  Usually  because  we've  fallen 
into  one  of  the  previously  described  pits.  A couple  of  examples  will 
reinforce  the  point  I want  to  make  about  being  wary. 

1.  We  once  applied  the  travelling  salesman  algorithm  to  a problem 
involving  the  routing  of  customer  assistance  reps.  This  is  a perfectly 
good  technique  and  we  did  reach  a solution  for  the  initial  phases  of  the 
problem.  The  only  trouble  was  that  it  cost  more  to  run  the  computer 
program  than  could  be  saved  in  scheduling  by  the  algorithm.  Remember  what 
I said  earlier  about  the  economics  of  OR  and  being  slaves  to  techniques? 

2.  Another  case  involved  the  attempted  use  of  queuing  theory  to  solve 
a problem  relating  to  Procurement  Administrative  Leadtime  (PALT).  After 
six  months  we  found  out  that  the  queuing  math  wasn't  developed  enough  to 
handle  the  problem.  We  resorted  to  simulation  for  a solution.  Remember 
what  I said  about  textbook  problems  being  neatly  pre-packaged? 

I don't  want  to  belabor  our  shortcomings  any  more,  but  I think  you  get  the 
point  I'm  trying  to  make,  so  I'll  close  by  summarizing. 

SUMMA.RY 


I've  illustrated  how  OR  has  been  and  can  be  a useful  tool  for  helping 
managers  make  better  decisions.  In  the  interests  of  the  objectives  of 
this  symposium  I've  pointed  out  some  pitfalls  to  look  out  for  in  applying 
OR.  Many  of  the  applications  I've  mentioned  will  be  discussed  in  this 
symposium.  I hope  my  remarks  will  help  to  make  those  discussions  more 
fruitful . 
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Dr.  Jacob  Stockfisch's  Address  on 
THE  INVESTMENT  COST  OF  LOW  DEMAND  ITEMS 
by  Denise  Wieczorkowski 
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INTRODUCTION 


Dr.  Stockfisch  was  invited  to  address  the  interest  cost  of  holding 
inventory  for  low  demand  items.  A brief  background  to  the  problem  will 
be  given,  followed  by  the  specific  question  proposed  to  Dr.  Stockfisch 
and  a summary  of  his  response. 

BACKGROUND 


The  general  view  taken  towards  the  investment  of  funds  in  inventory 
is  that  each  public  dollar  so  invested  represents  a dollar  of  invest- 
ment in  the  private  sector  foregone.  In  accordance  with  DoD  4140.39, 
"Procurement  Cycles  and  Safety  Levels  of  Supply  Secondary  Items," 

July  17,  1970,  an  annual  investment  charge  of  10%  of  the  average  inven- 
tory on  hand  is  made  in  determining  how  much  stock  to  buy  and  hold. 

Because  of  changing  demands,  many  items  in  the  military  inventory 
are  held  for  many  years  longer  than  originally  anticipated.  The  deter- 
mination of  whether  or  not  and  how  much  of  this  stock  to  hold  is  an 
economic  problem  involving  the  probability  of  demand,  future  availability, 
military  criticality,  cost  to  repurchase  and  cost  to  hold.  Because  of 
obsolescence  or  their  uniqueness  to  military  use,  many  of  these  items 
have  little  or  no  value  in  the  private  sector.  In  the  past,  the  economic 
decision  to  hold  this  stock  has  included  an  investment  charge  of  10%  on 
the  value  of  inventory  held. 

PROPOSED  QUESTION 

The  proposed  question  was  essentially  twofold; 

1.  If  the  government  continues  to  hold  these  items,  should  an  in-, 
vestment  cost  be  charged?  Is  the  10%  rate  currently  prescribed  appro- 
priate? If  so,  what  is  the  significance  and  origin  of  the  10%  figure? 

If  not,  what  rate  is  correct,  and  what  is  the  rationale  for  using  it? 

2.  Whatever  the  appropriate  rate  is,  to  what  valuation  of  inventory 
stock  should  it  be  applied:  the  original  acquisition  cost  of  the  stock, 
its  current  replacement  value,  the  revenue  it  would  bring  through  surplus 
sales , or  other?  Why? 

RESPONSE 
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In  answer  to  the  question.  Dr.  Stockfisch  stated  that  an  investment 
cost  should  indeed  be  charged  to  the  low  demand  items  currently  held  in 
military  inventories.  The  cost  should  be  in  the  form  of  an  interest  rate 
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applied  to  average  on  hand  inventory.  When  the  government  invests  in 
inventory,  it  displaces  real  physical  resources.  It  is  the  productivity 
of  those  resources  which  is  surrendered  as  a result  of  the  government 
investment.  Thus,  the  rate  should  be  a uniform  rate  for  all  items  held 
in  stock.  Whether  a particular  item  is  fast  moving  or  slow  moving  has 
no  effect  on  the  appropriate  rate  to  apply. 

Although  Dr.  Stockfisch  considered  the  current  10%  rate  to  be  an 
appropriate  rate,  he  stated  that  an  updated  study  of  the  economy  would 
probably  reveal  a rate  slightly  lower.  The  10%  rate  represents  an  esti- 
mate of  the  average  rate  of  return  or  rate  of  profitability  obtainable 
from  investment  in  the  private  sector  of  the  American  economy  before 
corporate  taxes  and  after  adjusting  for  inflation. 

In  answer  to  the  second  part  of  the  question,  he  stated  that  in  all 
cases  the  investment  cost  should  be  applied  to  the  current  value  of  the 
inventory,  i.e.,  the  value  it  could  bring  in  today's  market.  For  fast 
moving  items,  this  value  will  generally  be  the  original  acquisition  cost 
For  those  items  having  little  or  no  demand  this  value  is  the  amount  that 
could  actually  be  obtained  through  its  sale.  In  some  cases  this  value 
may  be  negligible. 
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PRIORITIZING  MILCON 


by  George  Funk 


1.  Our  presentation  this  afternoon  concerns  the  Prioritizing  Military  Con- 
struction projects  through  the  use  of  economic  analysis. 

To  give  you  some  background  into  the  concept  we'll  be  presenting,  1 
would  first  like  to  familiarize  you  with  the  mission  and  organization 
structure  of  the  Defense  Property  Disposal  Service. 

2.  The  Defense  Property  Disposal  Service  (DPDS)  is  responsible  for  dis- 
posing of  excess  personal  property  generated  by  the  military  services  as 
well  as  other  DoD  agencies.  Disposal  may  entail  reutilization  of  the 
property  within  DoD,  transfer  to  other  Federal  government,  sale  to  the 
public,  or  abandonment  or  destruction. 

3.  To  accomplish  this  mission,  DPDS  has  a world  wide  organization  con- 
sisting of  259  field  activities.  164  of  these  activities  are  either  Prop- 
erty Disposal  Offices  (DPDO)  or  Holding  Activities  consisting  of  facili- 
ties for  receiving  and  storing  usable  property  and  scrap,  secure  areas  for 
storing  pilferable  property,  and  areas  for  administrative  and  sales  purposes. 

4.  It  is  these  Property  Disposal  Offices  and  Holding  Activities,  colocated 
at  host  installations,  which  created  the  problem  of  Prioritizing  Military 
Construction  projects. 

5.  Systems  for  Prioritizing  MILCON  projects  have  existed  within  DPDS  which 
take  into  consideration  workload  and  past  profitability  of  a DPDO,  as  well 
as  subjective  factors  relating  to  safety  and  morale.  Various  systems  were 
used  by  different  regions.  The  construction  projects  would  be  prioritized 
by  the  regions  and  forwarded  to  HQ  DPDS  where  they  were  reprioritized  for 
submission  to  HQ  DLA. 

6.  This  is  a system  which  was  tried  and  rejected.  It  was  based  on  workload 
and  profitability.  The  larger  the  workload  and  higher  the  profitability,  the 
higher  the  priority  of  the  project.  Even  though  the  cost  of  the  MILCON  is 
listed,  it  was  not  taken  into  consideration  in  setting  priorities. 
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7.  On  this  slide  and  the  next  slide,  we  have  a priority  system  which  in- 
cluded such  factors  as  the  level  of  the  direction  that  initiated  the  MILCON 
request,  deferrability  (based  on  whether  the  project  is  considered  essential 
or  just  desirable). 


8. 

9. 


And  impact  on  safety,  security,  morale  and  welfare. 


This  system  was  used  to  set  priorities  based  on  the  type  of  facility  the 
request  encompasses.  Using  this  system,  requests  for  scrap  bins  . . . would 
rank  higher  than  requests  for  roads  and  parking  lots  . . . 


10.  It  was  felt  that  the  systems  being  used  were  too  arbitrary  for  making 
decisions  involving  the  expenditure  of  several  million  dollars.  We,  there- 
fo»-e,  decided  to  attempt  the  development  of  a priority  system  based  entirely 
on  economic  factors. 


Above  paragraph  numbers  refer  to 
charts  which  follow. 
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11.  In  developinp  the  system  we  determined  that  there  was  a need  for 
more  comprehensive  data  and  quantification  of  relevant  factors  using 
dollars  as  a common  denominator.  To  accomplish  this  we  proposed  a 
system  whereby  the  DPDO  Chief  would  supply  all  required  justification 
for  the  requested  project.  Expressed  in  dollars.  The  data  would  be 
validated  by  the  region  facilities  engineer  and  forwarded  to  HQ  DPDS 
to  be  centrally  prioritized  to  reflect  total  DPDS  requirements.  Our 
objective  is  to  give  the  highest  priority  to  proposed  MILCON  projects 
which  will  maximize  dollar  return,  minimize  expenses,  and  therefore 
provide  us  with  the  best  net  annual  benefit  for  the  money  expended. 

Naturally  prior  to  approval  of  MILCON  requests,  other  alternatives 
such  as  minor  construction,  cube  storage,  and  improved  layouts  will  be 
considered.  If  it  is  determined  that  one  of  these  alternatives  is  less 
expensive,  it  would  be  pursued. 

12.  These  are  the  factors  which  were  considered  in  the  development  of 
this  system.  (Most  DLA  activities  have  no  proceeds/reut. ) (Can  use  just 
the  expense,  savings  and  MILCON  cost.)  Also  considered,  and  recommended 
for  future  inclusion,  is  safety,  morale  and  welfare.  Once  these  factors 
are  quantified  in  dollars  they  would  be  included  under  projected  savings. 

13.  As  I mentioned  before,  priorities  will  be  based  on  net  annual  benefit. 

14.  This  is  the  format  we  used  for  determining  the  net  annual  benefit  of 
a specific  MILCON. 

15.  For  those  of  you  who  are  wondering,  why  such  a complex  formula  - we 
could  have  come  up  with  the  same  figure  using  this  formula. 

16.  We  chose  to  use  the  more  involved  formula,  because  by  utilizing  this 
format,  we  have  given  visibility  to  certain  data  which  we  will  want  to 
periodically  review  for  accuracy. 

17.  Once  we  determine  the  Net  Annual  Benefit  for  each  MILCON,  as  shown 
in  these  examples,  it  is  just  a case  of 

18.  Ranking  them  in  order  from  the  most  to  least  beneficial,  to  deter- 
mine priorities.  Even  though  our  analysis  takes  only  economic  factors 
into  consideration,  other  factors  which  might  impact  on  the  priority  of 
a specific  request  are  noted.  This  is  so  they  can  be  considered  by 

the  DPDS  Facilities  Review  Board  in  reaching  its  final  decision. 

19.  This  example  shows  a projected  loss  if  the  project  is  approved.  As 
noted  we  recommend  that  this  request  be  considered  for  reevaluation  due 
to  anticipated  increase  in  workload  resulting  from  upcoming  reorganiza- 
tion. 

20.  Fven  though  this  is  just  a partial  list,  it  gives  you  an  idea  of 

what  the  final  product  looks  like.  It  lists  the  requests  from  most  to  least 
beneficial.  Remarks  give  the  non-economic  factors  to  be  considered. 
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Once  again  this  system  seems  tc  be  unique  to  the  Defense  Property  Disposal 
Service,  however  the  basic  principle  of  prioritizing  expenditures  based 
on  net  benefit  is  universal,  and  can  be  applied  at  all  DLA  activities. 

The  use  of  this  priority  system  forces  the  requester  of  a MILCON  project 
to  perform  an  economic  analysis  prior  to  the  submission  of  this  request. 

This  system,  in  itself,  is  not  the  total  answer  to  setting  priorities 
and  approving  MILCON  requests.  It  is  a management  tool  to  help  managers 
in  the  decision  making  process. 

21.  This  concludes  our  presentation,  are  there  any  questions  or  comments? 
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Opfii  Ptoraf^o 
Covet pd  Storapc 
Scrap  Bins 
Re  r,  t.  rooms  /La  t r 1 no  r 
Scales 
Docks/Ramps 
Flamnable  Storage 
Security  Cage 
Heat i ng/Cool 3 ng 
Inter-lor  Lighting 
Ral 1 roads 
SprinVcler  Systems 
Security  Fencing 
Security  Lighting 
Administrative  Areas 
Roads,  and  Parking  Lots 


The  above  rankirirg  sequence  was  also  infl'.ienced  by  the  DPDO's 
percentage  of  requirements,  i.c.,  if  a D?D0  had  8C5  of  his 
required  orep  stor-age  his  request  for  the  remaliilr.E:  201  •.■.'ould 
not  be  as  critical  as  a DPDO's  request  for  covered  storar?  if 
he  currently  had  only  205  of  his  covered  storage  requirement 
available . 
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OBTAIN  GFilil1Ui\1  NET  ANNUAL  BENEFIT 


G.  PROJECTED  SAVirdGS  (VV/MILCON) 


CHART  13 


hjlc;o:j  a:..m.vsi:; 


MILCON:  I'-y 


A.  Projictoii  Gross  I’rocoods  I'Y  _ (w/o  Mll.CON) 

B.  riojoricd  $ Value  Roulili/.cd  _ (w/o  Mil/'-ON) 

rrojici-.tl  Kxpii-.-os  FY  (w/c>  y.iT.C^ON) 

I).  Com  of  .YILCO.M 

E.  I’l  oj  oi  i . ci  Inn  ovod  I’roceods  (w/Mri.CON) 

K.  Projected  Iriprovod  P.cutili/.ed  ($)  (w/.'ill.CON) 

Proji.on.d  Savinp.r,  (w/MII.CO.'.') 


X.  Net  Uctora  (w/Ml'.XO.';)  = (A  + F)  + (B  + F)  - D/5*  - (C  - G) 

Y.  Not  Koturn  (w/o  Mll.CON)  " A + B - C 

Ta  tum  (w/MlLCON)  - Net  Return  (w/o  MILCOl  ) 
*Mli,CON  lotts  prorated  over  5 years 


CAI.Cin  .'.IK'NS: 


KULYKRS  : 
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CHART  15 


MILCON  ANALYSIS 


DPDO  Kaiserslautern MILCON:  FY 


A.  Project-od  Gross  Proceeds  FY  TJ. (w/o  MILCON)  2,808,000 

B.  Proiectod  $ Value  Rcut  ilizod~~rY  17 (w/o  MILCON)  9, 41''.. 000 

C.  Projected  Expenses  FY  JJ^ (w/o  MILCON)  1,091,000 

D.  Cost  of  MILCON  5,702,000 

E.  Projected  Ir.proved  Proceeds  (v/MILCON)  1,300,000 

V.  Projected  Inproved  Re-utilized  ($)  (w/MILCON)  660,000 
G.  Projected  Savings  (v/.MII.CON)  180,000 


X.  Net  Return  (w/MILCON)  = (A  + E)  + (B  + F)  - D/5*  - (C  - G) 

Y.  Net  Return  (v//o  MILCON)  = A + E - C 

Z.  Net  Annual  Benefit  = Net  Return  (w/MILCON)  - Net  Return  (w/o  MILCON) 
*MILCON  costs  prorated  over  5 years 


CALCUL.\TIONS: 

X = (2,808,000  + 1,300,000)  + (9,434,000  + 660,000)  - 1,702,000/5  - 
(1,091.000  - 180,000) 

X = 4,100,000  + 10,094,000  - 340,400  - 911,000 
X = 12,942,600 

Y = 2,808,000  + 9,434,000  - 1,091,000 

Y = 11.151,000 

Z = 12,942,600  - 11,151,000 
Z = 1,791,600 


REMARKS : 
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MILCO;i  /u\ALYt;'.'S 


DPUO  Uc1fricU-.f  (1)  MILCON:  FY  79 


A. 

B. 

C. 

D. 

E. 

F. 
C. 


X.  t Return  (w/MILCOW=  (A  + E)  + (B  + F)  - D/5*  - (C  - G) 

Y.  Net  Return  (w/o  MILCON)  = A + B - C 

N e t Aji in VI 1 _B e n c- f i t =•  Net  Return  (w/.MILCOM)  - Net  Return  (w/o  MILCON) 
*MILCON  costs  prernted  over  5 years 


CALC'JI^MIONS: 

X = (7A5,OnO  + 50,000)  + 0,608,000  + 300,000)  - 1,720,000/5  - (545,000  - 200,000) 
X = 795,000  + 1,938,000  - 344,000  - 345,000 
X = 2,044,000 

y - 745,000  + 1,638,000  - 545,000 
Y ■=  1,838,000 
7.  = 2,044,000  - 1,838,000 
Z = 2j3b,_OuO 


Projictcd  Grose  Prcceods  FV  77  (w/o  MILCON)  745,000 

Projected  S V.iiue  Reiitilizcd  FY  77 (w/o  MILCON)  1.638,000 

Projected  Expenses  FV  TJ. (w/c  MILCON)  545,000 

Cost  ot  MILCON  1,720,000 

Projected  Improved  Proceeds  (w/MILCON)  50,000 
Projected  Improved  Reutilized  ($)  (w/MlLCON)  300,000 
Projtct<;d  Savings  (w/MILCU.N)  200,000 


RLM  ARKS  : 

(1)  Host  activity  has  requested  this  DPpn  to  n.ovo  from  its  present  facilities. 
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MILCON  A!1A LYSIS 


DPDO  Kec-sltr  (1) MILCOM:  FY  79 


A.  ProjccLcd  Gross  Proceeds  FY  77 (w/o  MILCON)  658,000 

B.  Projected  S Value  Reutilixed  FY  77 («7o  MlIXON')  3,058,812 

C.  Projected  Expenses  FY  _77 (w/o  MlLCOll)  355,000 

D.  Cost  of  MILCl'N  4 78.000 

E.  Projected  L-nproved  Pr.^cecds  (w/MILCON)  4,720 

F.  Projected  Improved  Reutllized  ($)  (w/.’-IILCON)  35,090 

G.  Projected  Savings  {v/>\lLC0li)  1,500 


X.  Net  Return  (w/MiLCO.''0  (A  + E)  + (B  + F)  - D/5*  - (C  - G) 

Y.  Net  Return  (w/o  MILCON)  = A + B - C 

Z.  Net  Annual  Benefit  = Net  Return  (w/MILCON)  - Net  Return  (w/o  MILCON) 
*MILCCN  costs  prorated  over  5 years 

CALCUL/VriO.NS: 

X - (658,000  + 4,720)  + (3,058,812  + 35,000)  - 478,000/5  - (355,000  - 1,500) 
X = 662,720  + 3,093,812  - 95,600  - 353,500 
X = 3,307,432 

V = 658,000  + 3,058,812  - 355,000 

Y = 3,361,812 

7.  = 3,307,432  - 3, 361 ,81.2 
7 = -5'4,38q 


>» 


R121ARKS: 

(1)  Should  be  considered  for  recva'uation  due  to  .anticipated  increase  in 
worklo.ad  resulting  from  upcoming  reorg.ini  z.ation. 
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I’HIOFi'TY  OF  M!],C0:J 
(Econopilc  Analysis) 


1 . 
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2 . 
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C . 

7. 

Sel  fridtte 

8. 

I.ewis 

9. 

Leonard  Vlood 

b. 

10. 

Sill 

b. 

11. 

Keesler 

REMARKS: 

a.  One  of  22  activities  sciieduled  for  closure  but 
restored  by  DPDS  Planning;  Group. 

b.  Shovild  be  considered  for  reevaluation  due  to 
at.tlclpafed  increase  in  workloaci  rf^sulting  from  upcoming; 
reorganization. 

c.  Host  Activity  has  requested  this  DPDO  to  move  from 
its  pi’esent  facilities. 


A SIMULATION  MODEL  OF  THE  SUPPLY  SYSTEM  FOR 
CHILL/FREEZE  ITEMS  TO  OSR  EUROPE  (KCS) 
FACILITIES  IN  GERMANY 
by  Allan  Rosen 


BACKGROUND 


The  simulation  model  of  the  supply  system  for  chill/freeze  items  to 
OSR  Europe  was  initiated  by  a request  to  investigate  potgntial  facilities 
problems  and  item  unavailability  at  the  OPSC  Subsistence  warehouse  facil- 
ities at  Kaiserslautern,  Germany  (KCS).  Specifically,  can  KCS  support  a 
30  or  45  day  supply  level  for  all  items  stored  and  distributed  from  KCS 
(see  figure  1)? 

Subsistence  items  at  KCS  are  categorized  as  either  chill  or  freeze 
items.  The  chill  items  include  fresh  fruits  and  vegetables  among  items 
as  cheese,  jellies,  ham  and  condiments.  As  the  KCS  facilities  supports 
commissary  stores  as  well  as  military  messes,  the  items  stored  at  KCS 
consist  of  both  brand  name  and  troop  issue  items.  All  items,  except 
offshore  (European)  produced  fresh  fruits  and  vegetables,  are  transported 
from  the  U.  S.  by  containerized  van  via  ship  to  Europe. 


OBJECTIVE 


During  the  last  two  years  many  problems  affecting  the  supply  of 
these  items  to  Europe  have  occurred.  Dock  strikes,  shipping  problems, 
van  back-ups  in  unloading,  warehouse  handling  problems  and  erratic 
customer  demand  have  all  surfaced  as  significantly  impacting  supply 
effectiveness. 

For  these  reasons  the  problem  of  facilities  capability  was  felt  to 
have  multiple  objectives  (see  figure  2).  As  the  question  pertaining  to 
storage  capability  at  KCS  was  the  most  pressing,  it  was  considered  the 
primary  objective.  The  secondary  objectives  of  evaluating  item  unavail- 
ability and  network  dynamics  are  more  system  oriented. 

There  are  basically  two  phases  to  the  primary  objective.  The  first 
phase  is  to  estimate  what  a viable  30  or  45  day  supply  level  for  each 
stocked  item  should  be,  then  determine  whether  these  levels  can  be  ac- 
commodated by  the  current  warehouse.  Due  to  the  significant  lack  of 
historical  customer  demand  data  earlier  than  January  1977,  only  5 months 
of  demand  history  was  available  for  establishing  theoretical  30  and  45 
day  supply  levels. 
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F i gu  re 


Figure 


The  next  phase  considers  the  fact  that  material  is  being 
moved  In  and  out  of  the  warehouse  based  on  forecasts  of  demand 
and  supply  requirements.  This  throughput  could  lead  to  the 
condition  where  the  warehouse  was  overfilled  a percentage  of  the 
time,  ny  simulating  the  potential  warehouse  input  and  outflow 
a probability  distribution  for  overfilled  potential  can  be  generated. 

Similarly,  the  secondary  objectives  of  assessing  item  unavail- 
ability and  system  dynamics  can  be  approached  by  simulating 
demand  forecasts  and  comparing  them  to  simulated  customer  demands 
and  potential  inventory  supply  levels. 


ANALYSIS  APPROACH 


For  each  of  the  681  active  items  currently  in  demand  at  KCS , 

5 months  of  actual  demand  history  plys  item  unit  volume  and 
weight  are  input  into  the  computer  model.  Due  to  the  lack 
of  data,  customer  demand  is  assumed  to  be  distributed  normally 
for  each  item.  This  is  depicted  by  the  bell  shaped  curve  on 
figure  3 whose  height  represents  the  likelihood  of  a specific 
demand  occurring.  (These  distributions  are  created  for  each  item). 
From  the  above  information  and  assumptions  a simulation  was 
constructed  to  evaluate  the  supply /demand  interface  which  occurs. 

A random  variable  drawn  from  the  demand  distribution,  representing 
the  DPSC  forecast  of  the  quantity  of  items  to  be  procured  and 
shipped  to  KCS,  is  added  to  the  warehouse  supply  level  on  hand 
The  cummulative  volume  and  weight  of  these  available  items  is 
then  compared  to  the  warehouse  capacity  constraints. 

Moreover,  if  an  Item's  warehouse  supply  level  plus  the 
incoming  quantity  is  less  than  the  customer  quantity  demanded, 
a not  in  stock  (NIS)  condition  implying  unavailability  is 
recorded  (figure  3, top). 

Initially,  the  model  assumed  that  each  month  supply  and 
customer  demand  arrive  in  total  at  the  warehouse  at  the  begin- 
ning of  each  month.  The  lower  portion  of  figure  3 displays  the 
current  dynamic  representation  as  deliveries  are  made  incrementally 
each  month. 

The  current  model  assumes  that  the  DPSC  procured  items  for 
a given  month  are  scheduled  to  arrive  in  equal  weekly  phases. 
Similarly,  actual  monthly  customer  demands  are  also  assumed  to 
be  uniformly  distributed  over  the  month.  Additionally  each 
month  is  assumed  to  start  with  a full  supply  level  (30  or  45 
day  level)  for  each  item. 
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SUPPLY/DEMANO  INTERFACE 


I 


Figure  4 depicts  the  simulated  supply /demand  warehouse 
interface  at  KCS . Those  items  forecast  by  DPSC  to  be  required 
over  given  month  are  simulated  to  arrive  at  their  required 
due  date.  The  computer  simulates  the  customer  demand/warehouse 
supply  interaction  and  analyzes  its  impact  on  warehouse  space, 
inventory  levels,  Item  availability,  and  system  effectiveness 
each  week  during  the  month. 

Figure  5 depicts  the  analysis  and  bookkeeping  process  done 
in  the  simulation.  Again,  all  deliveries  are  considered  to 
arrive  on  time.  (This  assumption  will  be  relaxed  in  future 
anal ysis ) . 

Briefly,  the  simulation  is  based  on  the  following  equations, 
if 

Z = initial  supply  level  for  item  i in  week  1. 
il 

^il  ” i quantity  of  item  i which  has  been 

forecast  as  required ‘during  the  month. 

Yii  = il  of  actual  monthly  customer  demand. 

Then  customer  requirements  for  item  i in  week  1 are  satisfied 
when 

7.^  + X.,  Y 
il  il  //  il 

A not  in  stock  or  item  unavailability  condition  will  occur  when 


* ^11  4 i^'ii 

Futhermore,  the  warehouse  supply  level  now  available  for  utilization 
during  week  2 for  item  1 is 

Z = (Z  + X ) - 
12  il  il  il 

and  so  on  for  the  following  week.s. 

However,  if  an  NTS  condition  occured  in  week  1,  then  there 
would  be  no  leftover  supply  of  item  i for  week  2.  In  this  case 

Z ~ 0 (see  figure  5) 
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KCS  SIMULATION  - DYNAMIC  MODEL 


SIMULATION  MODEL 


OTHERW  ISE 


Currently  oa<  h month  is  <'<instrained  to  start  with  the  original 
initial  (30  or  45  clay)  supply  level.  This  constraint  will  be 
relaxed  In  future  models  simulating  random  arrivals  of  items  and 
random  warehouse  supply  replenishment. 


SIMULATION  RESULTS 


Figure  6 presents  the  effects  of  simulated  30  and  45  day 
supply  levels  on  warehouse  space.  For  each  supply  level,  the 
fluctuations  in  warehouse  utilization  caused  by  weekly  deliveries 
and  withdrawals  is  evaluated. 

Facilities  at  KCS  are  divided  into  chill  space  and  freeze 
space.  Although  the  maximum  chill  capacity*  at  KCS  is  approx- 
imately 192,500  cubic  feet,  loading  and  refrigeration -factors 
reduce  this  maximum  capability  by  at  least  15%.  Therefore 
approximately  163,600  cubic  feet  is  actually  available  for  chill 
storage.  Similarly  although  freeze  capacity  at  KCS  is  420,000 
cubic  feet,  only  348,500  is  usable. 

In  the  analysis,  chill  space  at  KCS  may  be  further  reduced 
by  space  required  for  fresh  fruit  and  vegetables.  As  only  limited 
data  was  available  for  these  items,  the  warehouse  chill  capability 
was  evaluated  with**  and  without  the  FF&V . 

The  simulation  analysis  indicates  that  a 30  day  supply 
level  for  all  127  active  chill  items  would  utilize  23.7%  of 
the  total  chill  space  facilities.  If  however  the  FF&.V  is 
included,  then  65.1'^  of  the  chill  facilities  would  be  needed 
to  support  a 30  day  level . 

Similarly,  the  simulation  results  indicated  that  72%  of 
the  freeze  capacity  of  348,500  cubic  feet  is  required  to  support 
a 30  day  supply  of  all  554  active  freeze  items. 


♦Warehouse  capcity  data  were  obtained  from  the  Perishable  Branch, 
Supply  Operations  Division,  DPSC-SSP. 

♦♦Approximately  66,000  cubic  feet  of  FFftV  passes  through  KCS 
weekly . 
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SIPJIULATION  RESULTS 


As  the  warehouse  nust  also  accommodate  the  incoming  items, 
th€'  analysis  predicts  that  DPSC  can  be  95^  certain  that  the 
30  day  chill  Item  inventory  level  plus  the  incoming  chill  items 
will  not  use  more  than  32.5%  of  the  available  space  without  FF&V 
nor  more  than  72.8%  of  the  facilities  with  the  FF&V.  For  the 
freeze  items,  the  9570  certainty  level  Is  at  93.87  of  capacity. 
While  93.8%  fill  Is  not  an  overfill  condition,  there  remains 
only  a marginal  space  safety  factor.  Required  capacities  for 
a <15  day  level  are  also  summarized  in  figure  6.  For  a 45  day 
freeze  supply  warehouse  overfill  is  virtually  certain. 

The  simulation  was  constructed  in  such  a manner  as  to  also 
investigate  the  effects  of  supply  levels  on  supply  effectiveness. 
Figure  7 presents  these  results  along  with  another  approach  to 
the  problem  of  warehouse  capacity. 

Two  types  of  overfill  situations  were  considered.  The  type  1 
overfill  is  the  situation  where  there  is  a given  supply  level 
in  the  warehouse  and  all  weekly  deliveries  are  made  before  any 
withdrawals  are  accomplished.  The  second  type  of  overfill  is  the 
reverse  situation-all  withdrawals  are  made  before  any  deliveries 
are  accomplished.  The  true  situation  is  of  course  somewhere 
between  these  two. 

Figure  7 presents  the  probability  that  either  of  the  above 
types  of  overfill  may  occur  For  chill  items  including  offshore 
FF&V  plus  CONUS  FFStV , the  warehouse  space  should  be  more  than 
adequate  to  support  all  deliveries  plus  warehouse  supply  levels 
(for  either  30  or  45  day  level).  Consequently,  the  proability 
of  either  type  situation  is  zero.  Freeze  Items,  however,  will 
present  definite  problems  when  a 45  day  supply  level  is  utilized. 

To  assess  the  impact  of  inventory  supply  level  on  not-in 
stock  occurrences,  item  availability  was  simulated  as  a function 
of  both  30  and  45  days  levels.  By  defining  system  effectiveness 
as  that  percent  of  items  that  will  fill  all  demand  upon  them  at 
any  given  time,  a measure  of  overall  supply  effectiveness  can  be 
ascertained  (figure  7). 

Figure  8 outlines  the  amount  of  containerized  vans  needed 
to  transport  the  simulated  subsistence  requirements  to  KCS  from 
CONUS  each  month.  In  total  between  340  and  46R  vans  monthly  are 
required.  However,  as  the  van  off-loading  capability  at  KCS  is 
currently  limited  to  approximately  75-85  vans/week  there  is  a 
potential  van  problem. 
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Figure 


FiRure  9 displays  a partial  summary  of  the  simulation  output 
for  freeze  items.  For  each  item  (identified  by  stock  code)  a 30 
day  supply  level  was  constructed  based  upon  previous  demand  history. 
The  associated  volume  for  this  level  was  computed  along  with  the 
percent  of  actual  warehouse  space  required.  Finally,  the  unavail- 
ability (NIS)  factor  is  simulated  and  output  for  each  item  and 
the  system  as  a whole. 

As  warehouse  supply  levels  have  impact  upon  both  overfill 
potential  and  item  unavailability  tradeoffs  can  be  made  between 
space  requirements  and  unavailability  (NIS)  levels.  By  select- 
ively reducing  supply  levels  for  items  which  already  have  low 
NIS  occurrences,  the  space  vacated  can  be  used  to  store  a 
larger  qviantity  of  those  items  whose  unavailability  be 
currently  unacceptable.  Therefore,  an  item  manager  by  asking 
the  simulation  specific  "what  if"  questions  on  item  supply, 
forecast  changes  and  warehouse  facilities  should  be  able  to 
create  effective  supply  to  customers  while  maintaining  low' 
warehouse  overfill  potential. 


FUTURE  ANALYSIS 

Figure  10  shows  the  flow  of  subsistence  supply  from  customer 
requirements  through  DPSC  to  vendors  and  finally  to  the 
distribution  facilities  in  Europe-Fel ixtowe  in  England,  KCS  in 
Oermany,  DCS  in  Germany,  and  CADIZ  in  Spain.  To  assess  the  impact 
of  the  dynamics  of  this  stochastic  system  of  time  dependent 
events  a complete  system  simulation  has  been  proposed.  This 
total  simulation  should  provide  more  definitive  answers  on 
Immediate  and  future  potential  problems  which  may  affect  system 
ef  feet  1 veness . 


CONCbUSIONS 

Throughout  this  paper  an  adequate  inventory  supply  level 
was  continously  defined  to  be  a 30  or  45  day  level  for  every 
item.  This  criterion  was  given  as  a constraint  in  the  analysis. 
The  analysis  of  the  results  indicate.s  however  that  the  most 
realistic  and  efficient  system  would  be  one  establishing  a 
different  supply  level  for  each  item  based  on  the  item  manager's 
ability  to  forecast  item  demand  and  the  tradeoffs  between 
holding  costs  and  system  capabi 1 i 1 i es  . 
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SUPPLY  EFFECTIVENESS  RATE.  THE  EXPECTED  # OF  ITEMS  NIS  IS 


o 

o 


o 

o 
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Once  these  aspects  have  been  established  it 
to  accurately  determine  the  sufficiency  of 
in  terms  of  space  and  effectiveness. 


would  then  be  possibl 
the  storape  facility 


e 


Therefore,  the  two  recommendations  in  figure  11  were 
offered  to  DPSC.  su  c w«rc 


Figure  11 


VARIABLE  SAFETY  LEVEL 


PANEL  DISCUSSION 


The  Panel  consisted  of: 

Mr.  George  Clark,  DLA-LO 
Mr.  George  Minter,  0ASD(MRA&L) 
Mr.  Robert  Bilikam,  DESC 
Mr.  Michael  Lipschutz,  DPSC 

INTRODUCTION 


Department  of  Defense  (DoD)  Instruction  4140.39,  "Procurement  Cycles 
and  Safety  Levels  of  Supply  for  Secondary  Items,"  July  17,  1970,  pre- 
scribes that  a time-weighted,  essentiality-weighted,  requisitions  short 
variable  safety  level  (VSL)  be  implemented  by  the  Military  Departments 
and  the  Defense  Logistics  Agency.  Since  implementation  of  the  DoD  VSL, 
several  changes  have  been  proposed.  Rather  than  devote  the  entire  hour 
to  a single  proposed  VSL  change,  a panel  discussion  was  held.  The 
format  was  a short  presentation  by  each  of  the  panel  members,  followed 
by  an  open  discussion  period  for  questions  and  comments. 

MR.  CLARK 

Mr.  Clark  began  the  discussion  by  introducing  the  concept  of  the 
variable  safety  level,  in  particular,  the  DoD  VSL.  He  stated  that  the 
DoD  safety  level  model  was  developed  by  a Joint  Service  and  DLA  OR  Group 
and  was  coordinated  by  the  top  echelons  of  each  Service  and  DLA.  The 
objective  of  the  DoD  VSL  is  "to  minimize  the  total  variable  ordering  and 
holding  costs  subject  to  a time-weighted,  essentiality-weighted  requisi- 
tions short  constraint."  Simply,  this  means  that  we  wish  to  get  the 
material  to  the  customer  in  the  shortest  possible  time  within  the  con- 
straint of  our  budget.  Or,  we  wish  to  most  economically  minimize  the 
delay  which  is  due  to  non-availability  of  stock. 

It  should  be  noted  that  the  primary  measure  of  performance  used  in 
the  DoD  VSL  is  not  availability.  Rather,  it  is  requisition  response 
time,  which  is  a weighted  average  of  the  release  time  for  immediately 
filled  requisitions  and  the  release  time  for  backordered  requisitions. 

In  theory,  if  all  backorders  were  released  within  one  or  two  days,  one 
could  have  zero  availability  and  be  providing  better  service  to  the 
customer  than  we  are  doing  today.  In  practice,  requisition  response 
time  reflects  both  availability  and  time  on  backorder.  If  availability 
goes  down,  response  time  goes  up  and  vice-versa.  If  time  on  backorder 
goes  down,  response  time  goes  down  and  vice-versa. 
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The  mathematical  statement  of  the  DoD  VSL  is  as  follows: 


Minimize: 


n 


■p.  D.  Q. 

"07^  + aC.(,.  + K.a.  + -^) 


ordering 

cost 


holding 

cost 


Subject  to: 


1 

i=l 


exp{-  ^ K.)  < 6 


t—n  |1  - exp(-  /2  Q./o. 

where  = safety  level  factor  for  item  i 
= order  quantity  for  item  i 
= leadtime  demand  for  item  i 
a = holding  cost  rate 
- unit  price  for  item  i 

a.  = standard  deviation  of  demand  over  the  leadtime  for  item  i 
B = number  of  backorders  on  file  at  any  random  point  in  time 
= essentiality  factor  for  item  i 
= average  requisition  size  for  item  i 
D.  = annual  demand  in  units  for  item  i 
= procurement  cost  for  item  i 
n = number  of  items  in  inventory 

The  Method  of  Lagrange  yields  the  following  formula  for  safety  level 
computation: 

1 


/2 


In 


S.  ^ Q.  a C. 


Q- 

.5(->)Z.o.(l-exp(-/2  -i)) 

11  o. 


where 


-X  = 


I 

^ a 
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The  Kj  is  a number  like  1,  3,  2.7,  or  even  0.  The  VSL  for  an  item  is 
equal  to  the  K-j  times  the  standard  deviation  of  demand  over  the  leadtime, 
i .e. , VSLi  " . 

As  can  be  seen,  the  safety  level  for  an  item  is  based  upon  its  indi- 
vidual characteristics.  The  following  chart  diagramatically  shows  the 
general  effect  on  the  safety  level  when  given  an  increase  in  the  given 
characteristic. 


Characteristic 

Leadtime 

Variance  of  demand 
Number  of  requisitions 
Demand 

Order  quantity 
Unit  price 

Average  requisition  size 


Effect  on  VSL-j 

»■ 

+ 

4- 

4 


MR.  MINTER 


Mr.  Minter  was  introduced  as  the  present  0ASD(MRA&L)  representative 
responsible  for  DoDI  4140.39.  Mr.  Minter  began  by  addressing  zero 
safety  levels  which  are  being  produced  by  DoD  VSL.  He  indicated  that 
the  matter  of  zero  safety  levels  was  a concern  not  only  of  DLA  but  of 
most  of  the  Services,  in  particular,  when  the  OoD  VSL  was  first  imple- 
mented. However,  all  Services  and  DLA  have  had  improved  performance 
after  implementation;  improved  not  only  in  terms  of  the  objective  of 
reducing  response  times  but  even  in  terms  of  better  availabilities  (i.e., 
number  of  immediate  issues).  He  closed  by  enumerating  DoD's  overall 
satisfaction  with  the  DoD  VSL  but  also  citing  DoD's  willingness  to 
entertain  any  suggestions  for  improvement. 

MR.  BILIKAM 


Mr.  Bilikam  presented  a synopsis  of  a paper  he  did  on  a proposed 
change  to  the  DoD  VSL.  The  paper  has  been  included  as  an  appendix.  In 
brief,  his  paper  prescribes  a mathematical  technique  for  reallocating 
the  requirement  for  VSL  from  items  which  are  in  long  supply  to  items 
which  are  in  shorter  supply.  As  presented,  this  would  require  a one- 
time stock  fund  investment  to  gain  improved  performance. 

Mr.  Minter  noted  that  this  additional  investment  was  a stumbling 
block  to  any  consideration  of  adopting  this  proposed  change.  It  was 
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noted  that  at  the  time  of  stratification,  funds  are  not  authorized  to 
the  VSL  requirement  of  items  in  long  supply. 

DESC  was  tasked  to  demonstrate  that  the  funds  used  for  their 
proposed  VSL  modification  would  produce  better  performance  than  those 
same  funds  used  for  the  present  VSL  formulation. 

MR.  LIPSHUTZ 


Mr.  Lipshutz  discussed  VSL  implementation  problems  for  the  OPSC 
commodities.  The  following  comments  were  made  regarding  the  Medical 
commod i ty : 

1.  OPSC  requested  latitude  in  utilizing  the  VSL  essentiality 
factor  for  selected  groups  of  medical  items. 

2.  The  Medical  commodity  was  concerned  with  the  many  items 
which  had  a zero-computed  VSL. 

Regarding  C&T,  three  comments  were  made; 

1.  OPSC  is  concerned  that  the  lack  of  an  alpha  factor  in  the 
program  oriented  item  system  of  C&T  requires  the  approximation  of  an 
alpha  factor  for  development  of  the  MAD  multiplier. 

2.  A Mean  Absolute  Deviation  is  not  now  present  in  the  C&T 
files  and  will  have  to  be  computed  from  available  data. 

3.  The  average  requisition  size  of  the  VSL  computation  is  not 
really  representative  of  the  C&T  requisition  distribution,  which  is 
distorted  by  a small  number  of  very  large  requisitions. 
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DOD  VARIABLE  SAFETY 
FOR  SHIFTING 
FROM  ITEMS  WITH 


LEVEL  MODIFICATION 
INVESTMENT 
SURPLUS  ASSETS 


(Robert  C.  Bilikam) 


1 . Background ; 

The  DoD  Variable  Safety  Level  ^lOdel  prescribed  in  DoDI 
4140.39  (reference  1)  was  implemented  in  January  1976  at 
the  Defense  Electronics  Supply  Center  according  to  guidance 
published  in  July  1972  (reference  2)  by  the  Defense  Logistics 
Agency.  The  model  of  backorder  distribution  was  adopted 
from  the  Air  Force  Logistics  model  discussed  by  Presutti 
and  Trepp  (reference  3).  This  model  essentially  assumed  a 
double  Laplace  distribution  of  lead  time  demand  to  approxi- 
mate the  tails  of  a normal  distribution  with  the  expected 
backorder  expression  derived  from  an  argument  presented  by 
Hadley  and  Whitin  (reference  4).  The  resulting  expected 
backorders  expression  was  used  in  a constrained  optimization 
to  minimize  the  sum  of  the  holding  and  ordering  annual 
costs  subject  to  the  constraint  on  total  expected  back- 
order lines.  The  safety  level  formulation  was  derived  by 
optimizing  with  respect  to  the  mumber  of  standard  devia- 
tions of  lead  time  demand  contained  in  each  individual 
item  safety  level.  The  minimum  safety  level  was  to  be 
zero,  with  maximum  safety  level  not  exceeding  a lead  time 
demand  quantity. 

2 . Problems  Encountered : 

Experience  with  the  safety  level  over  one  year  has  indi- 
cated the  following  operational  difficulties  with  the  DoD 
Variable  Safety  Level: 

a.  Items  with  surplus  assets  (and  therefore  will  not 
buy  for  a long  period)  arc  receiving  large  safety  level 
investment  in  competition  with  items  which  will  buy  shortly 
and  therefore  have  a significant  impact  on  the  future  back- 
order posture.  This  problem  arises  because  the  expected 
backorder  formulation  does  not  recognize  asset  levels  for 
individual  items.  Other  characteristics  than  assets  there- 
fore determine  the  item  safety  level  (such  as  price, 
requisition  size). 


61 


b.  Items  with  small  procurement  cycles  and/or  very 
low  assets  which  have  a crucial  impact  on  the  future  back- 
order posture  are  not  receiving  a useful  safety  stock, 
because  they  are  losing  investment  to  the  items  with  surplus 
assets  (most  of  which  have  large  procurement  cycles) . 

c.  Items  with  surplus  assets  that  otherwise  have 
favorable  characteristics  for  large  safety  levels  are 
receiving  inordinately  large  safety  levels  which  in  any 
case  are  unnecessary  for  a reasonable  interpretation  of 
safety  stock.  Some  safety  levels  are  far  in  excess  of 

100  days  stock  on  items  with  normal  lead  times  (6-9  months). 

1 . Kathematical  Formulation  of  Individual  Item  Constraints; 

The  definitions  of  the  mathematical  symbols  are  contained 
in  Appendix  A.  The  methodology  for  correcting  the  problems 
encountered  is  as  follows.  The  safety  level  is  to  be 
constrained  for  individual  items  which  are  defined  by 
their  assets  in  relation  to  the  reorder  point  plus  pro- 
curement cycle.  Specifically,  two  sets  of  items  are  to  be 
identified  for  constraint  of  safety  level: 


SKT  f 1] : 

ui  + XDi  + Oi  + LDi  < (assets  on  item  i]  , 

is  ( 1 J . L > 0 . 

This  set  of  items  have  assets  greater  than  the  total 
procurement  objective  plus  L years  additional  stock, 
where  L may  be  zero.  Thus  the  items  are  not  expected  to 
buy  for  {Qi/Di  + h]  years  into  the  future.  The  pro- 
curement objective  is  defined  with  the  safety  level  set 
at  some  maximum  value  XDi  [X/365  days  of  stock] . The 
unconstrained  safety  level  would  be  larger  than  XDi: 

ki  ^i  > XDi  , iE  [ 1]  . 

SET  ! 2]  : 

Similarly  to  the  above.  Set  [21  is  defined  to  be  the  items 
for  which: 

(Assets  on  Item  ij  < ui  + Oi  + YDi,  iE  (2). 


62 


The  items  in  Set  (2)  have  assets  lower  than  the  procurement 
objective  defined  with  a minimum  safety  level  YDi 
(Y/365  days  of  stock).  The  unconstrained  safetv  level 
would  be  smaller  than  YDi ; 

0 _<  kiiTi  < YDi. 

4 . Solving  the  Additionally  Constrained  Problem: 

The  objective  function  (annual  cost  with  constraints)  be- 
comes: 

K = ^ AiPi  +^i  Ci  (ui  + ki<J* i + Qi  ) 

Qi  ^ 2 

Order  Cost  Holding  Cost 

- X I ^ 'if  i ( 1 - exp  (-  /T  Qi  ) 

2 Oi  ^ 

exp  {-  i/Pki)  - B) 


Constraint  on  Backorders.  (<  B) 

-^<^i.(ki^i-XDi)  - i ( ki^  i - YDi  ) 

/EH!  iE  [2] 

Constraint  on  Set  (1)  Items  Constraint  on  Set  [2]  Items 


The  Lagranqian  Multiplier  -©i  for  each  item  in  Sets  [1] 
and  [21  has  been  added,  with  the  values  implied  by  "added 
cost : " 


-t^i  > 0 fot  I E III,  XDi  ki^i 
-Wi  ' 0 for  < E 12),  YOi  > ki^i 
fti  = 0 otherwise. 

The  objective  function  is  now  to  be  optimised  (minimize 
total  annual  cost)  by  differentiation  and  setting  the 
resulting  expressions  equal  to  zero.  This  results  in: 

(1)  exp  (-  1^2  ki)  = (aid  - ei ) Qi  ^i 

( j_5  ) yjr  Zi  tfi''“(  1 -exp  ( - fZ  Q i ) ) 

2 ^ 
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the  normal  unconstrained  solution  for  ki  when  = 0. 


(2) 


aiCi  - ^i  ) ^i 
B 


the  normal  expression  for 


when  all  -Oi's  = 0. 


(3)  ki  = XDi  iE  [1],  k;=  YDi  iE  [2] 


The  last  expression  indicates  items  in  Sets  [1]  and  [2] 
have  their  constrained  value  of  safety  level. 

The  system  constant  defining  the  level  of  possible  invest- 
ment is: 

( 4 ) SC  = (aici  - &i)  ^i, 

i 

which  has  its  normal  value  if  all  -Si's  = 0.  The  direction 
of  addition  and  subtraction  from  this  level  of  investment 
is  seen  to  be  correct,  since  cutting  back  safety  level  in 
Set  [1]  adds  back  investment  potential,  and  increasing 
safety  level  in  Set  [2]  reduces  investment  potential. 

Substituting  (2)  into  (1)  and  (3)  into  the  result  for 
k i gives  ( 5 ) ; 

^ _ Qi  _ XDi 

ai  (Ci)  - t^i  = (SC)  Zi^i  (l-exp(-V2tf‘/))  exp  (-|Z  ^/) 

4QiB 

for  iH  (1),  with  Y replacing  X for  iE  [2]. 
aici  - Hi  ■ 0. 

It  is  assumed  that  the  SC  is  available  from  the  previous 
period  of  calculations  to  use  in  the  next  period. 

5 . Conclusions : 

a.  The  value  of  -Hi  is  positive  when  reducing  safety 
level  and  negative  when  increasing  safety  level  indi- 
cating increased  annual  cost.  However,  neither  the  real 
backorders  nor  the  real  holding  cost  increase  with  decreasing 
safety  levels  on  items  with  surplus  assets  (Set  [1]).  The 
real  holding  cost  is  increased  by  increasing  Set  [2] 
safety  levels,  but  the  real  backorders  are  reduced. 
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b.  The  method  provides  a simple  correction  device  for 
calculating  potential  investment  adjusted  optimally  con- 
sidering the  nature  of  the  desired  revision,  A little 
experience  with  the  new  method  of  calculations  can  quickly 
establish  simple  relationships  for  control  of  investment 
compared  to  the  old  method. 

c.  The  unconstrained  safety  levels  may  be  raised  by 
reducing  safety  levels  on  items  with  surplus  assets  and 
adjusting  the  system  constant  (SC).  After  the  initial 
period,  there  may  be  little  need  for  increasing  many 
safety  levels  to  the  minimum  safety  level  specified. 

Thus,  the  overall  safety  level  representing  the  same  total 
investment  will  be  much  more  usefully  employed. 
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APENDIX  A 


Detinitions  of  ^!atheInat ical  Symbols  Used  in  Safety  Level 
Model . 


Di  = 

Ci  = 
Ai  = 

Qi  = 

a i = 
Zi  = 
ki  = 


= 


Index  for  item  of  supply. 

Annual  demand  for  Item  i. 

Lead  time  demand  for  Item  i. 

Standard  cost  for  Item  i. 

Ordering  cost  per  order  for  Item  i (a  constant  in 
some  systems). 

Standard  deviation  of  lead  time  demand  for  Item  i. 

Procurement  cvcle  (Economic  Order  Quantity  in  most 
cases)  for  Item  i. 

Holding  cost  rate/year  for  Item  i. 

Essent i al i ty/averaqe  requisition  size  Item  i. 

Number  of  standard  deviations  of  lead  time  demand 
in  the  safety  level  (SLi)  for  Item  i. 

Overall  LaGrangian  Multiplier  for  the  constraint 
added  to  the  annual  cost  criterion  function. 

Can  be  interpreted  as  the  implied  annual  cost 
per  line  of  backorder  (unit  on  backorder  if  Zi 
not  dependent  on  average  requisition  size). 

Individual  LaGrangian  Multiplier  for  the  constrained 
safety  level  of  an  item.  This  is  an  annual  cost 
per  unit  of  deviation  from  unconstrained  safety 
level . 

A factor  against  annual  demand  to  express  the 
safety  level  on  items  with  surplus  assets  and 
large  unconstrained  safety  levels.  The  safety 
level  for  these  items  is  SLi  = XDi. 

A similar  factor  to  X for  increasing  safety  level 
on  items  with  "low"  assets  and  a zero  or  low  un- 
constrained safety  level.  SLi  = YDi . 

Backorder  target  (allowed  for  system). 
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CONCLUSIONS 


DLA  MANPOWER  PLANNING  MODEL 


by 

Michoel  R.  Pouy 


The  DLA  Manpower  Planning  Model  is  a computer  simulation  model  that 
will  be  used  to  project  shortfalls  to  future  personnel  requirements  in 
the  Quality  Assurance  (QA)  Directorate  of  DLA. 

The  model  is  currently  under  development  and  will  be  operational  by 
the  end  of  September  1977.  The  purpose  of  this  paper  is  to  describe  the 
nature  of  the  problem  and  the  approach  being  taken  to  seek  out  a solution. 

Until  recently  the  attrition  rate  in  the  QA  workforce  has  held  steady 
at  approximately  6%  per  year.  However,  the  number  of  personnel  reaching 
retirement  eligibility  has  been  increasing  each  year  for  the  past  several 
years,  causing  the  attrition  rate  to  rise  to  well  over  8%  this  year. 

Since  present  hiring  and  recruitment  programs  are  based  on  the  more  stable 
attrition  rates  of  past  years,  they  are,  or  soon  will  be,  unable  to  pro- 
vide sufficient  personnel  input  to  maintain  a competent  workforce.  Thus, 
the  need  for  some  method  of  approximating  future  requirements. 

Chart  I illustrates  the  distribution  of  the  QA  workforce  by  age. 

Note  the  disproportionate  number  of  personnel  near  the  minimum  retirement 
age  of  55.  The  median  age  is  52;  one-half  of  the  workforce  is  within 
three  years  of  the  retirement  age.  The  average  age  is  48  and  has  been 
increasing  each  year.  Charts  similar  to  this  one  have  been  the  cause  of 
some  concern  among  managers,  and  not  without  reason  --  the  thought  of  such 
a large  portion  of  the  workforce  simply  dropping  off  the  chart  can  be 
alarming. 

Chart  II  is  based  on  personnel  actions  over  the  past  4^  years  and 
shows  the  historical  probability  by  age  of  leaving  the  workforce.  Not 
unexpectedly,  the  attrition  rate  begins  to  rise  near  age  50  and  rises 
quite  sharply  after  age  60.  Less  expected  perhaps  is  the  small  increase 
in  the  attrition  rate  centered  around  age  30,  where  the  loss  rate  climbs 
to  over  10%.  Note  also  that  there  is  a corresponding  drop  just  past  age 
30  on  the  age  distribution  chart.  So  it  is  not  just  people  reaching 
their  golden  years  that  we  have  to  worry  about  --  a large  number  of 
personnel  reaching  age  30  could  also  push  up  the  attrition  rate. 

Taking  another  point  of  view  (Chart  III)  we  can  look  at  the  same 
sort  of  statistics  based  on  service  time  rather  than  on  age.  The  two 
distributions  are  similar,  although  the  service  time  distribution  is 
somewhat  more  evenly  apportioned.  The  mean  and  median  are  both  at  22 
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years.  The  historical  probability  of  leaving  the  workforce  by  service 
time  (Chart  IV)  is  similar  to  that  by  age  except  that  the  rise  in  attri- 
tion rate  seen  for  age  30  does  not  appear  on  this  chart. 

The  point  is  that  a huge  portion  of  the  workforce  is  nearing  a point 
beyond  which  the  likelihood  of  quitting  or  retiring  is  rather  high.  This 
is  the  problem  in  a nutshell. 

Now,  the  main  source  of  Quality  Assurance  personnel  is  a three-year 
Intern  Development  Program,  which  includes  both  classroom  and  on-the-job 
training.  The  key  question  is  how  many  interns  to  recruit  into  this  and 
other  programs  in  order  that  the  number  of  graduates  each  year  will 
approximate  the  number  of  losses  that  year  not  covered  by  direct  hiring 
from  outside  the  workforce.  The  solution  is  being  approached  by  means  of 
a computer  simulation  program,  written,  for  the  moment,  in  FORTRAN,  which 
will  simulate  personnel  gains  and  losses  through  a planning  horizon  of 
about  five  years.  The  model  will  consider  a number  of  elements  in  simu- 
lating these  personnel  actions  (Chart  V). 

1.  Age  and  Service  Time  - These  are  the  key  drivers  for  the 
attrition  rate,  since  they  control  retirement  eligibility. 

2.  Sex  - Preliminary  indications  are  that  women  tend  to  leave 
the  workforce  at  a younger  age  than  do  men.  Consequently,  the  number  of 
women  in  the  workforce  can  be  expected  to  affect  the  attrition  rate. 

3.  Grade  - This  has  yet  to  be  investigated,  but  it  is  not  un- 
reasonable to  expect  grade  to  influence  retirements  or  other  terminations. 

4.  Other  elements,  such  as  education,  veteran  status,  and  geo- 
graphic location,  will  be  investigated.  Any  of  these  that  can  be  shown 
to  impact  on  the  attrition  rate  will  be  incorporated  into  the  model. 

There  are  two  phases  to  the  model;  losses  and  gains.  The  simulated 
decision  to  leave  the  workforce  will  be  based  on  the  key  indicators 
described  earlier.  Once  that  vacancy  has  been  created,  the  i^erson  must 
be  replaced.  In  essence,  the  model  must  "create"  a person  to  replace  the 
existing  worker.  If  the  replacement  is  to  be  from  outside  the  workforce 
the  model  will  use  stochastic  processes  to  determine  the  key  indicators 
for  that  person.  Otherwise,  the  open  position  creates  a requirement  for 
an  intern  graduating  in  that  year  and  a corresponding  requirement  for  an 
intern  to  be  recruited  three  years  previous.  This  is  the  answer  we're 
looking  for. 

Of  course,  there  are  other  complications  to  consider.  Up  to  now, 
we've  assumed  that  all  vacancies  would  be  filled.  Reductions-in-force 
and  other  directed  cut-backs  must  be  considered,  and  we  cannot  take  for 
granted  that  all  cut-backs  can  be  covered  by  attrition.  In  other  words, 
each  year  the  projected  personnel  levels  must  be  compared,  not  against 
the  current  strength,  but  against  projected  requirements  input  by  the 
operator  of  the  model . 
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Another  problem  is  the  question  of  retirement  incentives  which  will 
obviously  vary  the  attrition  rate.  Although  the  model  cannot  anticipate 
such  incentives,  it  may  be  able  to  react  to  them. 

The  model,  as  stated  before,  is  still  under  development.  The  model 
will  now  be  refined  to  include  other  appropriate  indicators,  after  which 
some  statistical  analysis  will  be  performed  to  determine  confidence 
limits.  The  model  will  be  tested  and  debugged  for  use  in  the  next 
recruiting  drive  for  DLA-Q,  and  then  expanded  and  generalized  for  use  by 
other  DLA  staff  elements. 
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COSTS  OF  CIVIL  SERVICE  EMPLOYEES 
PROCEDURES.  POLICY.  AND  IMPLICATIONS 


by  Dick  Brown 


A.  INTRODUCTION 

Let  us  begin  by  considering  a simple  economic  analysis.  The  cash-flow 
diagrams  shown  in  Figure  1 depict  a cost  comparison  between  an  existing 
manual  information  system  and  a proposed  automatic  data  processing  system 
designed  to  accomplish  the  same  end. 

In  case  some  of  you  are  not  familiar  with  the  notion  of  a cash-flow 
diagram,  it  is  a pictorial  technique  for  representing  the  nature,  magni- 
tudes. and  timing  of  all  costs  associated  with  a given  alternative.  The 
graduated  horizontal  lines  represent  time  scales,  and  the  a-rows  represent 
costs. 

Here,  we  are  comparing  the  two  options  over  a 10-year  project  life. 

The  first  two  years  constitute  the  lead  time  required  to  design,  test,  and 
implement  the  AOP  system.  The  estimated  operating  life  of  the  system  is 
eight  years  (i.e..  oroject  years  3 through  10). 

The  outcome  of  the  analysis  will  depend  on  how  the  recurring  annual 
savings  (project  years  3-10)  match  up  against  the  investment  outlay  for 
system  design  and  ADPE  procurement.  By  savings,  we  mean  the  cost  of  the 
manual  data-processing  (MDP)  clerks  who  will  be  eliminated,  net  of  the  ADP 
maintenance,  supplies,  and  equipment  service  costs  which  will  be  needed 
to  support  the  automated  system. 

If  we  have  good  estimates  in  hand  for  all  other  cost  elements,  accurate 
assessment  of  personnel  costs  may  be  critical  to  a good  decision.  This 
brings  us  to  the  subject  of  this  presentation,  which  is  the  cost  of  Civil 
Service  employees.  We  shall  consider  procedures  and  policy  for  determining 
civilian  personnel  costs,  together  with  their  major  impact  on  economic  and 
budgetary  planning. 

The  scope  of  this  presentation  will  be  limited  to  General -Schedule  and 
Wage-Board  civilian  employees.  The  cost  of  military  personnel  services 
will  not  be  considered. 

For  those  of  you  concerned  about  military  pay,  the  latest  guidelines 
of  which  we  are  aware  are  provided  by  interim  change  29  to  DSAM  7000.1, 
page  3-82.  For  purposes  of  reference,  a copy  of  these  guidelines  is 
reproduced  in  Figure  2. 

B.  ADJUSTING  PERSONNEL  COSTS  FOR  FRINGE  BENEFITS 

The  key  point,  of  course,  is  that  civil  service  employees  cost  the 
government  more  than  the  nominal  amount  of  their  annual  salaries.  This 
is  so  because  they  draw  fringe  benefits. 
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Military  Standard  Rates.  The  standard  rates  required  to  be  used  for 
determiTiiTig  the  cos't  of  mTTitary  personnel  services  are  provided  below  for 
each  pay  grade  separately  for  each  military  service.  Rates  are  shown  on 
a yearly  and  hourly  basis.  If  daily  rates  are  required  for  special  analyses 
or  studies,  multiply  the  hourly  rates  by  8.  Monthly  rates  are  computed 
by  multiplying  the  hourly  rates  by  173. 


COMPOSITE  STANDARD  RATES  FOR  USE  IN 
COMPUTING  COSTS  OF  MILITARY  PERSONNEL  SERVICES 


Effective  1 October  1976 


Aj3 

Navj 

L 

Marine  Corps 

Ai  r 

Force 

Pay 

Grade 

Yearly 

Hourl y 

Yearly 

Hourly 

Yearly 

Hourly 

Yearly 

Hourly 

0-10 

46,125 

22.22 

46,491 

22.39 

45,690 

22.01 

50,036 

24.10 

0-9 

43,020 

20.72 

44,231 

21.31 

45,284 

21.82 

47,283 

22.77 

0-8 

43,775 

21.09 

45,990 

22.16 

44,676 

21.52 

46,597 

22.45 

0-7 

39,301 

18.93 

39,411 

18.98 

39,581 

19.06 

40,576 

19.54 

0-6 

35,047 

16.88 

36,176 

17,43 

35,007 

16.86 

36,162 

17.42 

0-5 

28,938 

13.94 

30 , 1 1 8 

14,51 

29,866 

14.39 

30,251 

14.70 

0-4 

24,390 

11.75 

25,312 

12,19 

24,921 

12.01 

25,242 

12.16 

0-3 

20,452 

9.85 

22,544 

10,86 

21 ,488 

10.35 

21  ,481 

10.35 

0-2 

16,338 

7.87 

16,786 

8.09 

17,248 

8.31 

16,485 

7.94 

0-1 

11,679 

5.62 

12,063 

5.81 

12,212 

5.88 

11  ,948 

5.76 

W-4 

22,879 

11.02 

23,302 

11.23 

21 ,686 

10.45 

27,035 

13.02 

W-3 

18,923 

9.12 

19,035 

9.17 

18,941 

9.12 

W-2 

15,610 

7.52 

16,279 

7.84 

16,139 

7.77 

W-1 

13,534 

6.52 

14,273 

6.87 

14,371 

6.92 

E-9 

19,854 

9.57 

19,436 

9.36 

19,991 

9.63 

19,606 

9.45 

E-8 

16,696 

8.04 

16,894 

8.14 

16,393 

7.90 

16,716 

8.05 

E-7 

14,339 

6.91 

14,696 

7.08 

13,818 

6.66 

14,509 

6.99 

E-6 

11,996 

5.78 

12,550 

6.05 

11 ,551 

5.57 

12,509 

6.02 

E-5 

10,014 

4.83 

10,395 

5.01 

9,670 

4.66 

10,646 

5.13 

E-4 

8,566 

4.13 

8.624 

4.16 

8,205 

3.95 

9,342 

4.50 

E-3 

7,369 

3.55 

7,635 

3.68 

7,162 

3.45 

7,563 

3.64 

E-2 

7,748 

3.73 

6,965 

3.35 

6,758 

3.25 

6,996 

3.37 

E-1 

6,260 

3.02 

6,280 

3.02 

6,177 

2.98 

6,313 

3.04 

FIGURE  2 
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Fringe  benefits  include  three  major  components:  The  employee's 
accrual  of  retirement  eligibility,  government  contributions  to  his  health 
insurance,  and  government  contributions  to  his  life  insurance.  These 
benefits  have  a monetary  value;  it  has  become  customary  to  express  this 
value  as  a percentage  of  annual  base  pay. 

Note  that  our  breakdown  of  fringe  benefits  makes  no  mention  of  leave. 
Although  the  term  "fringe  benefits"  usually  subsumes  leave  in  lay  usage, 
for  our  purposes  leave  shall  remain  a distinct  category.  We  shall  con- 
sider it  below. 

It  is  probably  easiest  to  examine  the  mechanics  of  fringe  benefit  cost- 
ing via  an  illustration. 

EXAMPLE  1 : In  our  ADP/MDP  EA,  suppose  the  automated  system  will  eliminate 
the  need  for  12  clerks,  four  GS-4's  and  eight  GS-5's.  If  we  assume  a 
hypothetical  fringe  benefit  rate  of  10%,  what  is  the  total  annual  cost  of 
these  personnel? 

SOLUT ION : We  assume  each  clerk  to  be  at  step  4 within  his  grade.  In  the 
absence  of  specific  information  about  steps,  this  is  generally  a good  as- 
sumption. From  the  current  Civil  Service  salary  schedule,  we  therefore 
have: 

ANNUAL 

GRADE  STEP  SALARY 

GS-4  4 $ 9,147 

GS-5  4 $10,233  • 

The  cost  computations  are: 

BASE  PERSONNEL  SALARY  COST: 

(4  X $9,147)+ (8  X $10,233)  = $118,452 

TOTAL  PERSONNEL  COST: 

$118,452  X 1.1  (accelerate  10%  for  fringes) 


C.  ADJUSTING  PERSONNEL  COSTS  FOR  LEAVE 

Now  let  us  turn  our  attention  to  this  matter  of  leave.  We  all  lose 
productive  time  from  the  job  for  various  reasons:  Annual  leave,  sick 
leave,  holiday  leave,  leave  without  pay,  coffee  breaks,  rest  breaks,  etc. 

QUESTION:  Should  we  factor  leave  into  civilian  personnel  costs? 

ANSWER:  It  all  depends  on  whether  we  start  with  an  estimated  personnel 
requirement  or  an  estimated  work  requirement. 

Personnel  requirements  are  stated  in  terms  of  numbers  and  grades  of 
employees.  Work  requirements  are  stated  in  terms  of  staff-hours  or  staff- 
years. 
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In  the  fringe-benefit  example  just  considered,  we  assumed  that  12 
clerks  are  currently  supporting  the  manual  information  system.  We  did 
not  assume  that  the  present  system  requires  12  staff-years  of  clerical 
work  per  year.  That  is  to  say,  we  are  presently  getting  by  with  a staff 
of  12,  given  their  nonproduc^’iye  time  as  well  as  their  productive  time. 
Accordingly,  no  provision  for  leave  was  necessary. 

When  we  start  with  a work  requirement,  however,  we  have  to  reckon 
with  the  fact  that  within  a one-year  period,  it  takes  more  than  one  person 
to  do  one  staff -year  of  work.  In  these  cases,  it  is  customary  to  trans- 
late the  work  requirement  into  a corresponding  personnel  requirement, 
multiply  the  personnel  figure  by  the  appropriate  annual  salary  or  salaries, 
and  then  accelerate  for  fringe  benefits.  For  this  purpose,  it  is  neces- 
sary to  develop  an  acceleration  factor  for  leave.  Like  the  fringe-benefit 
factor,  the  leave  accelerator  is  usually  expressed  as  a percentage.  Con- 
sider the  following  illustration. 

EXAMPLE  2 : In  our  ADP/MDP  EA,  suppose  that  five  staff-years  at  the  GS-12 
Tevel  wTTl  be  required  for'system  design  during  Project  Years  1 and  2. 

Assume  a hypothetical  fringe-benefit  rate  of  10%  and  a hypothetical  leave 
factor  of  20%.  What  is  the  total  personnel  cost  of  this  effort? 

SOLUTION:  An  acceleration  of  20%  for  leave  means  that  it  takes  1.2  people 
to  accomplish  one  staff-year  of  work  within  a year's  time.  From  the  current 
Civil  Service  salary  schedule,  the  annual  salary  of  a 6S-12,  Step  4,  is 
$22,485.  The  calculation  for  the  total  personnel  cost  follows: 

5 X 1.2  X $22,485  x 1.1  = Tr4~8.'4in 

Here  five  staff-years  is  the  work  requirement,  and 

5 staff-years  x 1.2  — people  _ = g people 

staff-year 

is  the  oersonnel  requirement.  As  before,  the  1.1  factor  accelerates  per- 
sonnel base  pay  to  a total  personnel  cost  which  includes  fringe  berafits. 

Note  that  the  personnel  requirement  will  be  distributed  over  Project 
Years  1 and  2 according  to  the  schedule  and  actual  progress  of  the  system 
design  effort.  That  effort  might,  For  example,  require  three  analysts 
during  Year  1 and  three  during  Year  2;  or,  it  might  require  just  two  people 
during  Year  1 and  four  during  Year  2. 

In  an  application  such  as  this,  don' t make  the  rather  common  mistake 
of  adding  the  10%  fringe-benefit  factor  to  the  20%  leave  factor  to  produce 
a total  acceleration  factor  of  30%.  To  do  so  would  understate  the  true 
nersonnel  cost,  as  the  comparison  in  Figure  3 shows.  In  reality  the  leave 
and  fringe-benefit  factors  operate  in  multiplicative  fashion.  In  our 
example,  we  are  in  effect  multiplying  1.2  by  1.1.  The  result,  1.32,  indi- 
cates a composite  leave/fringe  acceleration  factor  of  32%. 
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THE  WRONG  WAY 


20%  +10%  = 30% 
5 X 1.3  X $22,485 


$146. 2K 


THE  RIGHT  WAY 


5 X 1.2  X $22,485  x 1.1  = I $148.4K 


THE  DIFFERENCE 


100%  + 20%  + 10%  =(^30^'?' 1.2  X 1.1  = (J.32'^ 


FIGURE  3 
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To  summarize,  if  we  begin  with  a personnel  requirement,  stated  as  an 
actual  number  of  people,  then  in  costing  this  requirement  we  should  ac- 
celerate for  fringe  benefits  only. 

When  we  begin  with  a work  requirement,  stated  in  terms  of  staff-hours 
or  staff-years,  we  must  accelerate  both  for  leave  and  fringes  to  obtain 
the  true  personnel  cost. 

D.  RECENT  HISTORY  OF  POLICY  GUIDANCE  FOR  LEAVE  AND  FRINGE-BENEFIT  FACTORS 

As  we  indicated,  the  20%  and  10%  leave  and  fringe-benefit  factors  used 
in  the  above  examples  were  for  illustrative  purposes  only.  Now  that  we 
have  reviewed  the  mechanics  of  personnel  costing,  it  is  appropriate  to  ask 
what  policy  guidance,  if  any,  exists  for  leave  and  fringe  benefits. 

Since  the  Department  of  Defense  is  an  Executive  Department,  its  guidance 
flows  from  the  Office  of  Management  and  Buaget  (0MB).  Up  until  last  year, 
however,  explicit  guidance  on  leave  and  fringe  benefits  had  never  been 
provided  in  0MB  Circulars  No.  A-76,  A-94,  or  A-104,  which  prescribe  guide- 
lines for  various  types  of  cost  comparisons.  That  preogative  was  left  to 
the  various  executive  departments  and  agencies. 

In  1969,  the  Department  of  Defense  (DoD)  first  issued  its  Instruction 
No.  7041.3,  entitled  "Economic  Analysis  of  Proposed  Department  of  Defense 
Investments."  It  prescribed  a leave  factor  of  29%  and  a fringe-benefit 
factor  of  8.75%.  It  further  specified  a joint  leave/fringe-benefit  factor 
of  37.75%,  which  is  just  the  sum  of  29%  and  8.75%.  This  is  precisely  the 
mistake  we  cautioned  against  earlier.  The  correct  joint  factor  should  have 
been 


(1 .29)(1 .0875)  - 1.00  = 0.403  = 40.3% 

MORAL : Even  DoD  instructions  are  not  infallible. 

In  July  of  1971,  UoD  Instruction  4100.33*,  "Commercial  or  Industrial 
Activities  - Operation  of,"  prescribed  a leave  factor  of  20,9%  and  a 
fringe-benefit  factor  of  8.44%.  The  fringe-benefit  factor  was  broken 
down  as  follows: 


Reti  rement.^'Di  sabi  1 i ty ; 

7 

14% 

Health  Insurance: 

1 

00% 

Life  Insurance: 

0 

30% 

TOTAL: 

8 

44% 

♦This  instruction  number  was  erroneously  cited  as  4100.3  in  the  Symposium 
presentation. 
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This  same  guidance  was  reiterated  in  DLA  Regulation  4151.3,  "Operation 
of  Commercial  or  Industrial  Activities  and  Use  of  Contract  Services," 
which  was  last  issued  on  16  May,  1972. 

This  fringe-benefit  guidance  was  on  a par  with  the  previous  guidance 
in  DoD  Instruction  7041.3  (8.44%  vs.  8.75%,  respectively).  But  the  leave 
factor  was  attenuated  considerably,  from  29%  to  20.9%.  To  our  knowledge, 
there  never  was  an  official  explanation  for  this  difference. 

It  should  be  borne  in  mind,  however,  that  the  DoDl  4100.33/DLAR  4151.3 
guidelines  formally  applied  only  to  cost  comparisons  of  commercial  or 
industrial  activities,  and  not  to  general  economic  analyses  performed  under 
the  0MB  Circular  No.  A-94/DoD  Instruction  7041.3  chain.  Yet,  curiously, 
the  two  leave  factors  (20.9%  and  29%)  were  evidently  intended  to  measure 
the  same  thing. 

In  October  1972,  the  DoD  Instruction  7041.3  was  reissued  under  the 
title,  "Economic  Analysis  and  Program  Evaluation  for  Resource  Management." 
Interestingly,  this  reissue,  which  is  still  in  force,  contains  no  explicit 
leave  or  fringe-benefit  factors. 

In  a way,  perhaps  this  is  reasonable.  As  with  any  type  of  costing, 
personnel  costing  is  not  an  exact  science.  For  example,  government  health 
and  life  insurance  costs,  when  expressed  as  a percentage  of  base  salary, 
will  vary  from  situation  to  situation,  depending  on  the  grade  levels  of 
the  employees  involved  as  well  as  their  individual  choices  with  respect  to 
health  plans  and  life  insurance.  In  any  particular  analysis,  if  more 
specific  local  comptroller  data  on  health  and  life  insurance  costs  are 
available,  they  should  by  all  means  be  used.  Don't  feel  bound  by  official 
guidelines,  because  that  is  all  they  are  --  guidelines,  to  be  used  only  if 
no  better  information  is  at  hand. 

To  repeat,  leave  and  fringe-benefit  guidance  in  the  1972  DoD  Instruction 
7041.3  was  conspicuous  by  its  absence.  As  a result,  the  most  recent  pre- 
vious guidance  gradually  evolved  into  the  following  rules  of  thumb:  about 
9%  for  fringe  benefits  and  about  20-21%  for  leave.  These  rules  of  thumb 
gained  large  acceptance  during  the  period  1972-76. 

Then  on  October  18,  1976,  0MB  issued  its  Circular  No.  A-76  Transmittal 
Memorandum  No.  2.  This  memo  said  nothing  about  leave  factors,  but  it 
drastically  revised  fringe-benefit  guidance  for  commercial  or  industrial 
activity  cost  comparisons,  as  follows: 

Retirement  24.7% 

Health  Insurance  3.5% 

Life  Insurance  0.5% 

The  increase  in  retirement  costs  from  It  to  24.7%  was  spectacular,  and 
it  created  quite  a furor. 
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The  old  7t  figure  had  been  predicated  on  government  contributions  to 
the  Civil  Service  Retirement  Fund,  which  are  put  up  to  match  the  7%  with- 
held from  our  salaries. 

The  new  24.7%  rate  came  out  of  a study  done  by  the  Civil  Service  Com- 
mission, and  was  based  on  a completely  different  costing  rationale.  The 
24.7%  was  an  estimate  of  the  average  increase  in  the  Government's  retire- 
ment liability  to  the  employee,  which  arises  because  of  the  additional 
(i.e.,  current)  year  that  employee  is  spending  on  the  payroll. 

Those  who  supported  this  24.7%  retirement  cost  rate  proclaimed  that, 
because  of  its  basis  in  accrual  accounting  as  opposed  to  transaction 
accounting,  it  was  bringing  the  government  into  conformance  with  generally 
accepted  accounting  principles  for  the  first  time. 

Opponents  claimed  that  it  was  an  artificial  and  transparent  attempt  to 
bias  commercial/industrial  activity  cost  comparisons  in  favor  of  private 
contractors  and  against  government  in-house  operations. 

Whichever,  it  has  become  apparent  that  the  Carter  Administration  is 
less  bullish  on  contracting  out  than  was  the  Ford  Administration. 

On  June  13  of  this  year,  0MB  issued  Circular  No.  A-76  Transmittal 
Memorandum  No.  3,  which  reduced  the  retirement  cost  factor  from  24.7%  to 
14.1%.  The  3.5%  health  and  0.5%  life  insurance  guidelines  remained  in 
effect.  The  current  total  fringe-benefit  rate  is  therefore  18.1%. 

The  14.1%  retirement  guideline  retreats  from  the  accrual  accounting 
rationale  which  produced  the  previous  24.7%  rate.  It  represents  total 
payments  to  employee  annuitants,  reduced  by  current  employee  contributions, 
expressed  as  a percentage  of  current  Civil  Service  payroll.  It  is,  however, 
only  an  interim  guideline.  The  entire  Circular  No.  A-76  cost  comparison 
methodology  is  currently  under  review,  and  the  fringe  benefit  guidance 
could  well  change  again  within  the  next  3 to  12  months. 

E . RECOMMENDED  CURRENT  GUIDELINES 

It  is  evident  that  leave  and  fringe-benefit  guidance  is  in  a transi- 
tional stage.  Until  a final  policy  emerges,  we  offer  the  following  sug- 
gestions for  personnel  costing: 

1.  Use  the  14.1%  retirement  cost  rate.  Although  it  has  explicitly 
been  designated  only  for  commercial/industrial  activity  cost  comparisons, 
we  submit  that  personnel  cost  guidance  ought  to  be  consistent  across  all 
decision-making  contexts. 

2.  If  no  better  local  data  are  available,  use  a 3.5%  rate  for  health 
insurance  costs  and  a 0.5%  rate  for  life  insurance  costs.  This  will  pro- 
duce an  overall  fringe-benefit  rate  of  18.1%. 


93 


3.  If  your  point  of  departure  is  a work  estimate  (i.e.,  staff-years) 
rather  than  a personnel  estimate,  accelerate  for  leave  as  well  as  fringes. 

Use  a 20, j leave  factor  if  you  don't  have  any  locally  developed  estimates. 

F . FUTURE  implications 

It  appears  that  the  days  of  a 1%  government  retirement  cost  guideline 
are  over.  Current  opinion  seems  to  be  gravitating  toward  a higher  figure. 
This  means  we  are  likely  to  have  a permanently  higher  fringe-benefit  factor 
than  the  former  8-9%. 

All  other  things  being  the  same,  this  higher  fringe-benefit  cost  will 
breed  several  consequences.  We  conclude  by  indicating  what  several  of 
these  consequences  might  be. 

1.  The  fact  that  government  personnel  resources  have  spontaneously 
become  more  expensive  will  create  a twofold  substitution  effect: 

a.  First,  contract  labor  will  be  substituted  for  government  labor 
in  contract  vs.  in-house  operational  derisions. 

b.  Second,  even  if  a contractor  alternative  is  not  feasible,  there 
will  be  a general  substitution  of  capital  for  labor  in-house.  Specifically, 
any  mechanized  or  ADP  system  which  proposes  to  replace  people  wi 1 1 appear 
relatively  more  attractive  in  economic  analyses  accompl i shed  in  accordance 
with  0MB  Circular  iNo.  A-94  and  DoD  Instruction  7041.3. 

2.  Because  government  employees  who  are  considered  in  commercial/ 
industrial  activity  cost  comparisons  or  capital  investment  analyses  tend 

to  have  lower  grades,  the  average  employee  grade  will  increase  as  proposals 
to  replace  such  employees  become  more  economically  attractive.  Thus,  the 
elimination  of  low-grade  employees  from  the  rolls  may  create  administrative 
difficulties  in  meeting  or  staying  within  average-grade  targets. 

3.  Finally,  the  new  fringe-benefit  guidance  will  have  at  least  a 
twofold  impact  on  budgetary  planning. 

a.  First,  if  you  have  been  using  an  8.44i.  9%,  or  other  rate  for 
agency  funding  purposes,  you  should  now  be  using  something  like  an  11% 

rate:  7t  for  retirement,  3.5%  for  health  plans,  and  0.5%  for  life  insurance. 

b.  Second,  a schism  will  appear  between  fringe-benefit  figures 
used  in  budgetary  documents  and  economic  studies.  The  11%  rate  shown  in 
budgetary  documents  will  no  longer  reflect  the  true  economic  cost  of  per- 
sonnel to  the  Government.  This  does  not  reflect  any  inherent  deficiency 
in  budget  data,  but  merely  a different  perspective  between  budgeting  and 
economic  analysis. 
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DELPHI  METHOD 
by  David  Pol  insky 


! 

INTRODUCTION 

Delphi  is  defined  as  a method  for  obtaining  and  refining  the  opinions  of  a 
group  of  people.  Three  features  are  associated  with  the  Delphi  Method: 

1 . ANONYMITY 

Anonymity  is  a devise  used  to  reduce  the  effect  of  the  dominant 
individual.  It  is  maintained  by  eliciting  separate  and  private  answers 
to  prepared  questions. 

(Ordinarily,  the  procedure  is  carried  out  by  written  questionnaire 
or  possibly  computer  terminals.  All  interactions  between  respondents  is 
through  formal  communication  channels  controlled  by  the  administrator.) 

2 . ITERATION  AND  CONTROLLED  FEEDBACK 

Controlled  feedback  is  a devise  to  reduce  the  introduction  of 
irrelevant  or  redundant  material.  A Delphi  exercise  will  usually  consist 
of  several  iterations  where  the  results  of  the  previous  iteration  are  fed 
back  to  the  respondents,  normally  in  summarized  form. 

3.  STATISTICAL  GROUP  RESPONSE 

The  group  opinion  is  defined  as  an  aggregate  of  indi'idual  opinions 
on  the  final  round. 


HOW  TO  USE  THE  DELPHI  TECHNIQUE 
1 • IDENTIFICATION  AND  SELECTION  OF  A PANEL  OF  "EXPERTS" 

Several  characteristics  seem  to  be  important  for  panels  involved  in 
using  the  Delphi  Method. 

a.  Diversity.  The  panel  members  should  reflect  a wide  spectrum  of 
talents.  Tor  every  aspect  of  the  problem  under  study,  there  should  be 
some  panel  member  who  is  expert  in  that  area.  This  characteristic 
diversity  of  disciplines  represented  is  necessary  in  order  that  the  panel 
avoid  overlooking  or  giving  perfunctory  treatment  to  fundamentally  i-- 
portant  facets  of  the  problem. 

b.  Depth.  Some  panel  members  should  have  a profound  under'^t^  i 
0^"  the  technical  issues  involved.  They  should  be  considerabl.  ^ 
knowledgeable,  in  a scientific  sense,  than  most  people  in  **-. 

their  particular  speciality.  For  every  major  scientifi  a- 
a component  of  the  basic  problem,  there  should  be  at  e,-  = .. 

with  great  depth  in  his  subject. 
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c.  Breadth.  Good  panels  should  probably  contain  some  members  who 
are  "system  experts."  That  is,  there  should  be  some  individuals  who  are 
accustomed  to  thinking  on  a broad  level  --  in  terms  of  the  interactions 
of  various  subsystems.  Panel  members  who  have  this  type  of  breadth  of 
knowledge  are  probably  better  able  to  predict  feasibility  and  likelihood 
of  large  technological  development  taking  place  than  the  layman,  who  in 
this  case  may  be  some  "deeply  knowledgeable"  scientific  expert  who  tends 
to  be  quite  narrow  in  his  views  and  who  tends  to  ignore  other  developments 
which  will  be  needed  to  render  developments  in  his  own  field  meaningful. 

2.  QUESTIONNAIRE 

Questionnaire  design  is  an  art  which  is  basically  similar  for  any  type 
of  problem  and  really  does  not  require  any  further  comments  at  this  time. 

3.  QUESTIONING  ROUNDS 

The  first  round  questionnaire  is  sent  out  to  the  panel.  The  responses 
are  then  tabulated  by  the  administrator.  Some  of  the  responses  may  be 
accompanied  by  explanations  from  the  panelists.  The  results  of  the  first 
round  are  then  forwarded  to  the  panelists  by  some  form  of  statistical 
feedback,  usually  involving  a measure  of  central  tendency,  i.e.,  mean,  mode 
and/or  median,  some  measure  of  dispersion  or  perhaps  the  entire  frequency 
distribution  of  responses  for  each  item.  If  the  administrator  feels  that 
some  of  the  comments/explanations  from  the  panelists  are  original  in  their 
approach  (based  on  their  comments),  he  can  forward  these  comments  with  the 
later  rounds. 

4.  OUTLIERS 

Upper  and  lower  quartile  responses  may  be  asked  by  the  administrator 
to  provide  written  justification  for  their  responses.  This  is  done  prior 
to  the  next  round  of  questioning. 

5.  ITERATIONS 


Iterations  with  the  above  type  of  feedback  are  continued  until  con- 
vergence of  opinion  or  "consensus"  reaches  some  point  of  diminishing 
returns,  as  determined  by  the  administrator. 

6 .  NUMBER  OF  ITERATIONS 

Generally,  only  a small  number  of  iterations  (3  or  4)  will  be  all  that 
is  required.  The  administrator  should  avoid,  if  possible,  fixing  the 
number  of  iterations  beforehand. 

It  should  be  remembered  that  the  participants  do  not  meet  qr  discuss 
issues  face-to-face  and  they  may  be  geographically  remote  from  one  another. 

The  individual  responses  to  items  are  kept  anonymous  for  all  iterations. 
However,  the  administrator  may  lUt  the  participants  in  the  study. 
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AREAS  OF  APPLICATION 

Two  areas  in  which  the  Delphi  method  is  applied  are: 

1.  Long  range  forecasting,  and 

2.  Areas  in  which  "hard  facts"  are  not  known. 

PROBLEM  AREAS 

The  Delphi  method  is  not  a proven  technique.  At  best  it  can  be 
considered  a process  of  educated  guess  work. 
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DLA  FACILITIES  PLANNING  MODEL 


by 

Dennis  L.  Zimmerman 

I.  INTRODUCTION 

Recently  the  number  of  facilities  operated  by  DLA  has  come  under 
scrutiny.  The  Assistant  Secretary  of  Defense  sent  a letter  to  all  DoO 
Components  citing  the  reduced  peacetime  mission  of  the  Defense  Department 
and  the  need  to  reduce  the  size  of  their  operations.  About  the  same  time, 
the  House  Appropriations  Committee  Survey  and  Investigation  (S&I)  Staff 
issued  a report  which  recommended  that  consideration  be  given  to  a single 
DLA  hardware  ICP.  In  response  to  these  documents,  a number  of  studies 
have  been  initiated  by  DLA  in  the  area  of  facilities  planning,  including 
one  for  ICPs. 

The  ICP  Study  involves  a direct  application  of  operations  research, 
namely,  the  development  of  a mathematical  model  to  determine  the  optimum 
number  of  ICPs.  The  model  was  developed  as  an  integer  programming  model. 

Because  integer  programming  is  a classical  OR  technique,  I believe 
a discussion  of  such  a model  would  be  of  interest  to  you.  Moreover,  this  , 
particular  model  should  be  of  concern  to  us  all  because  of  its  potential  ; 

impact  and  because  of  its  future  possible  application  to  other  types  of 
DLA  facilities  planning. 

In  this  discussion,  I would  like  to  cover  three  areas.  They  are: 

A.  The  application  of  integer  programming  to  facilities. 

B.  The  development  of  the  DLA  ICP  model . 

C.  The  past,  present,  and  future  usage  of  the  nrodel . 

II.  APPLICATION  OF  INTEGER  PROGRAMMING 

The  application  of  integer  programming  to  facilities  studies  is  not 
new.  OR  analysts  have  been  using  integer  programming  to  solve  location- 
allocation  problems  for  the  past  few  years.  However,  this  is  our  first 
application  of  integer  prograimi ng  in  ICP  planning. 

Integer  programming  itself  is  a special  category  of  mathematical 
programming.  It  can  be  defined  as  a mathematical  technique  for  finding 
the  best  integer  solution  from  among  all  solutions  of  a system  of  linear 
equalities  or  inequalities.  There  are  a number  of  key  words  in  this 
definition  which  I will  address  to  help  those  of  you  who  are  unfamiliar 
with  integer  programming. 

First,  integer  programming  involves  a system  or  set  of  linear 
equalities  or  inequalUies.  The  form  of  an  integer  progranming  model  is 
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that  of  a linear  equation  called  the  objective  function  and  a set  of  linear 
equalities  or  inequalities  called  constraints.  These  together  form  the 
system  of  linear  equalities  or  inequalities  in  the  definition. 

The  best  solution  to  this  system  is  the  solution  which  yields  the 
maximum  or  minimum  value  for  the  objective  function  and  at  the  same  time 
satisfies  the  constraints.  Integer  programming  differs  from  the  widely 
known  linear  programming  in  that  it  requires  that  the  solution  set  contain 
only  integer  values,  that  is,  the  solutions  of  the  variables  must  be  whole 
numbers. 

I will  not  get  into  the  various  mathematical  algorithms  used  in 
integer  programming  except  to  say  that  a number  of  these  algorithms  have 
been  computerized,  a fact  which  has  made  the  application  of  integer  pro- 
gramming practical  in  today's  world. 

III.  DEVELOPMENT  OF  DLA  ICP  MODEL 

A.  Formulation  Narrative.  In  general,  the  model  defines  and  relates 
in  mathematical  terms  all  of  the  costs  of  ICP  management  and  of  possible 
realignment.  The  costs  are  both  one-time  costs  and  recurring  costs,  with 
the  recurring  costs  being  converted  to  present  worth.  As  previously  men- 
tioned, an  integer  program  consists  of  an  objective  function,  which  is  to 
be  minimized  or  maximized,  and  a set  of  constraints  which  might  restrict 
the  values  of  the  program  variables.  In  our  case,  the  objective  function 
is  the  ICP  configuration  cost  function,  which  is  to  be  minimized  subject 
to  real  world  constraints  on  ADP,  communications,  and  facilities.  The 
variables  in  the  problem  are  the  assignments  of  commodities  to  facilities, 
the  facility  usage  indicators,  the  measures  of  command/support,  and  the 
indicators  of  increases  in  ADP,  comuni  cations,  and  administrative  space. 

The  solution  of  the  integer  program  or  the  set  of  values  which  minimizes 
the  cost  function  subject  to  the  constraints  is  the  optimal  ICP  configu- 
ration; optimal,  that  is,  in  terms  of  the  mathematics  of  the  costs. 

1.  Objective  Function.  The  objective  function  is  the  linear 
sum  of  the  identified  costs,  that  is: 

Comand/  Costs  Costs  of  Costs  of 

Conmodity  + Facility  + Support  + of  ADP  + Communication  + Facilities 
Costs  Costs  Costs  Increases  Increases  Space  Increases 

These  costs  are  represented  by  the  product  of  collected  costs  times  problem 
variables. 


a.  Commodity  Costs.  The  term  "comodity,"  as  used  in  this 
analysis,  refers  to  a homogeneous  grouping  of  items  which  are  joined 
together  for  purposes  of  management.  In  these  terms,  a present  day  DLA 
commodity  can  be  split  into  several  commodities  for  analysis.  The  total 
of  all  of  the  commodity  costs  is  the  sum  across  all  facilities  and  all 
commodities  of  the  problem  assignment  variables  times  the  costs  associated 
with  management  and  realignment  of  a commodity.  The  costs  are  as  follows: 
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(1)  The  personnel  cost  of  managing  a commodity  at  a 
given  facility  (excluding  command/support  and  overhead  personnel), 

(2)  The  ADP  cost  of  managing  a conmodity  at  a giver. 

facility, 

(3)  The  voice  communications  cost  of  managing  a 
commodity  at  a given  facility,  and 

(4)  The  moving  costs  of  relocating  a commodity  at  a 
given  facility  (including  costs  to  move,  terminate,  hire,  and  train 
personnel,  cost  of  additional  voice  communications,  and  cost  of  moving 
equipment) . 


The  assignment  of  a commodity  to  a given  facility  can  be 
accomplished  in  one  of  two  ways.  First,  it  can  be  a yes-or-no  situation, 
i.e.,  the  problem  assignment  variable  is  a zero-one  variable,  zero  if  che 
commodity  is  not  assigned  to  the  facility,  and  one  if  it  is  assigned  to 
the  facility.  In  this  case,  the  assignment  is  an  integer  variable 
bounded  by  one.  Second,  a commodity  can  be  split  between  facilities  with 
the  personnel,  ADP,  and  communications  requirement  prorated.  In  this 
case,  the  assignment  variable  is  a continuous  variable  ranging  between 
zero  and  one.  Due  to  the  nature  of  the  problem,  it  is  possible  for  the 
solution  set  of  assignment  variables  to  be  the  same  whether  or  not  these 
variables  are  defined  as  integers  or  continuous  variables. 

b.  Facility  Costs.  The  term  "facility"  as  used  in  this 
analysis  refers  to  a possible  location  at  which  a commodity  can  be 
managed.  The  facility  costs  are  the  sum  across  the  facilities  of  the 
problem  facility  usage  variables  times  the  associated  costs.  The 
associated  costs  are  the  following: 

(1)  The  utilities/maintenance  costs  of  a facility, 

(2)  The  cost  of  digital  communications, 

(3)  The  cost  of  overhead  personnel  (i.e.,  personnel 
who  are  associated  with  the  facility  and  would  be  eliminated  if  the 
facility  were  closed),  and 

(4)  The  cost  to  close  a facility. 

The  usage  of  a particular  facility  is  a yes-or-no 
situation.  The  facility  usage  variable  is  consequently  a zero-one 
variable,  zero  if  the  facility  is  not  used,  and  one  if  it  is  used. 
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c.  Comnand/ Support  Costs.  The  command/ support  costs  are 
the  sum  across  the  facilities  of  the  problem  command/support  variables 
tin«s  the  cost  of  command/support.  The  command/support  variable  is  based 
on  a relationship  be*^^v/een  the  number  of  people  charged  v/ith  supervision 
or  support  in  an  ICI‘  frontline  function  or  area  and  the  number  of  people 
in  that  area.  The  Cf'mmand/support  variable  is  an  integer  variable. 

d.  Costs  of  ADP  Increases.  The  total  cost  of  all  ADP 
increases  is  the  sun;  across  the  facilities  of  the  cost  of  adding  an  ADP 
unit  through  transfer  or  new  acquisition  times  the  number  of  ADP  units  to 
be  added.  The  number  of  units  is  an  integer  variable. 

e.  Costs  of  Communications  Increases.  The  costs  of  com- 
munications increases  in  the  digital  area  are  developed  in  a manner 
similar  to  the  costs  of  ADP  increases. 

f.  Costs  of  Facilities  Space  Increases.  The  costs  of 
facilities  space  increases  are  also  developed  in  a manner  similar  to  the 
costs  of  ADP  increases. 

2.  Constraints.  The  constraints  of  the  problem  serve  to 
define  problem  variables  and  to  set  the  magnitude  of  comnand/ support  and 
increases  in  ADP,  digital  coninuni cations , and  administrative  space. 

a.  Mission  Constraints  A conwnodity  can  only  be  assigned 
to  one  facility.  This  is  equivalent  to  saying  that  the  sum  of  the 
assignment  variables  for  a commodity  must  equal  one. 

b.  Facility  Usage  Constraint.  A commodity  can  only  be 
assigned  to  a facility  which  is  open.  ThTT  can  be  translated  into  a con- 
straint which  states  that  the  sum  of  commodity  assignments  at  a facility 
must  be  less  than  or  equal  to  the  maximum  number  of  commodities  times  the 
facility  usage  variable.  This  constraint  does  not  allow  the  facility  to 
be  closed  while  a commodity  is  assigned  to  it,  i.e.,  a positive  number 
can  not  be  less  than  or  equal  to  zero. 

c.  Facility  Space  Constraint.  At  a facility,  the  space, 
which  is  utilized  in  commodity  management,  ADP,  and  command/support,  must 
be  less  than  or  equal  to  the  amount  of  space  available  or  which  can  be 
made  available. 


d.  ADP  Constraint.  The  ADP  utilized  in  managing  the  com- 
modities assigned  to  a facility  must  be  less  than  or  equal  to  the  ADP 
currently  available  or  that  which  can  be  made  available  at  the  facility. 

e.  Coirmunication  Cons>.aint.  The  digital  communications 
capacity  required  to  manage  the  commodities  assigned  to  a facility  must 
be  less  than  or  equal  to  the  amount  of  communication  currently  available 
and  that  which  can  be  made  available  at  the  facility. 
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f.  Pipe  Constraint.  The  total  number  of  digital  communica- 
tions pipes  at  any  facility  can  not  exceed  a maximum  number. 

g.  ftPP  Transfer  Constraint.  The  total  number  of  ADP  units 
which  can  be  transferred  can  not  exceed  the  number  of  owned  ADP  units 
available  from  closed  facilities. 

h.  Number  of  Facilities  Constraint.  This  is  an  optional 
constraint  which  requires  That  the  number  of  open  facilities  be  equal  to 
a certain  number.  This  constraint  permits  analysis  of  costs  for  varying 
numbers  of  ICPs. 

B.  Mathematical  Statement  of  Problem 


Define: 

i = Number  of  facility 

j = Number  of  commodity 

k = Number  of  functional  area 

s^.  = Number  of  ADP  units  purchased  for  facility  i 

t^  = Number  of  ADP  units  transferred  to  facility  i 

u^  = Number  of  space  units  built  at  facility  i 

V|^^  = Amount  of  command/support  at  facility  i in  area  k 

w.  = Number  of  digital  communications  pipes  installed  at 
facility  i 

x-  = Number  of  digital  communications  pipes  upgraded  at 
facility  i , 

y^  = Facility  i usage  indicator 

^ij  * Assignment  indication  of  commodity  j to  facility  i 

a.  = ADP  capacity  at  facility  i 

adp..  = ADP  cost  of  managing  commodity  j at  facility  i 

* V 

asl  * Resale  value  of  ADP  unit 

= ADP  requirement  for  commodity  j 
cl  = Cost  to  acquire  an  ADP  unit 
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c2  = Cost  to  transfer  an  AOP  unit 


r 


L 


cas 

cmax 

csp^ 

dis 

e2400^ 

e4800^ 

eqt 

gi 

g2 

iad 

ico 

isp 


num 

ovh^ 

own^ 

Pjk 

PPl^ 


= Cost  to  build  a square  foot  of  ADP  space 

= Maximum  number  of  communication  pipes  possible  at  any 
one  facility 

= Personnel  cost  of  one  person  to  manage  commodity  j in 
area  k 

= Command/support  cost  in  area  k 
= Discount  factor 

= Number  of  2400  conmunications  pipes  at  facility  i 

= Number  of  4800  communications  pipes  at  facility  i 

= Square  foot  cost  to  move  equipment 

= Digital  communications  requirement  for  commodity  j 

= Cost  to  install  4800  communication  pipe 

= Cost  to  upgrade  2400  pipe  to  4800  pipe 

= Cost  to  hire  to  relocate  commodity  j 

= Time  made  available  by  ADP  unit 

= Communications  pipe  capacity 

= Administrative  space  unit 

= Present  location  of  commodity  j 

= Number  of  slots  which  would  transfer  if  commodity  j 
relocated 

= Number  of  facilities 
= Cost  to  build  space  unit  at  facility  i 
= Overhead  cost  of  facility  i 
= Ownership  of  ADP  units  at  facility  i 
= Persons  required  in  area  k to  manage  commodity  j 
= Number  of  persons  per  telephone  at  facility  i 

104 


j 

I 

I 

I 

a 


= Cost  to  close  facility  i 


*^i 

r = Fraction  of  workforce  which  will  move  from  facility  m 
to  facility  n 

r2400  = Recurring  cost  of  2400  pipe 
r4800  = Recurring  cost  of  4800  pipe 
rsc  = Recurring  cost  of  space 

rte  = Fraction  of  workforce  which  will  terminate  with  move 
from  facility  m to  facility  n 

sad  = Space  requirement  for  ADP  unit 

sc^  = Space  capacity  of  facility  i 

spc  = Command/support  space  requirement 

spd..  = Cost  of  relocating  person  managing  commodity  j to 
facility  i 

spmx^  = Maximum  space  available  for  renovation  at  facility 

ter.  = Cost  to  terminate  a person  managing  commodity  j 

tCj  = Cost  to  train  a new  person  for  commodity  j 

usp^  = Number  of  persons  covered  by  a coiimand/support  unit  in 
area  k 

vot^  = One-time  cost  of  installing  telephone  line  at  facility  i 
vrc^  = Recurring  cost  of  telephone  line  at  facility  i 
Then  the  IPP  can  be  expressed  mathematically  as: 


(1)  minimize  ^ [(adp-^  + I cPj,^*Pj^,+G(i  ,j )*vrc^  )dis+F(i  .jQz^ ^ 
1 J k 


+ I [■dis*0(i)  - q^.]  * y. 
i 


+ [ [dis  * (csp.  + rsc  * spc)  + spc  * oH  * v.. 
ik  ^ 1 IK 
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■k 


+ ^ [(cl  + cas  * sad)  * s.  + (c2  + cas  * sad  - asl)  * tT] 

+ [(9!  dis  * r4800)  * + dis  * g2  * xj] 

+ I (0^  + dis  * rsc)  * isp  * 

subject  to 

^ J ^ij 

s^,  t^,  u^,  v^. , w^,  integer 

(2)  I z..  = ] for  all  j 
i 

I 1.  y-j  ^0'^  = number  of  commodities 

J 

I "j*^ij  ^ ^P^*''ik  - ^‘^i  ’^P  * “i  ^ 

(5)  I b.  z.j  < iad  (a.  + s.  + for  all  i 
J 

(6)  I fj  z.j  < ico*[|-  (e2400.  + x . ) + e4800.  + w.j  for  all  i 

(7)  e2400^  + e4800^  ■*■  _<  cmax  for  all  i 

(8)  x^  _<  e2400^  for  all  i 

I Pjk  'ij  ^“^Pk  "ik 
(10)  I ^i  - I ■ ^i)  ®i  °”"i 


(11)  ^i  ” (optional) 
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(12)  F(i.j) 


''  0,  when  loc-  = i 
*) 

[eqt  * isp  + * spd.j  + (l-r^i)(hj  + tr^) 

+ rtr^^.  * ter^]  + G(i,j)  vot., 

^ when  loc.  = m i 


(13)  G(i,j)  = integer  (nyppl^) 

(14)  0(i)  = rsc  * sc^  + e2400.  * r2400 

+ e4800^  * r4300  + ovh^ 


IV.  MODEL  USAGE 

A.  Past  Usage.  The  model  described  herein  was  used  in  support  of 
an  ICP  Economic  Analysis.  Several  problems  were  encountered  with  the 
application  of  the  model. 

1.  ADP  usage  could  not  be  related  to  the  items  managed  at  an 
ICP.  Therefore,  the  ADP  requirement  for  any  item  group  could  not  be 
determined.  In  general,  ADP  costs  were  not  exact,  i.e.,  they  could  not 
be  expressed  in  the  format  indicated  by  the  model.  Consequently,  ADP  had 
to  be  omitted  from  model  runs. 

2.  Command/support  relationships  were  not  developed  and  hence 
were  not  included  in  the  model  runs.  Not  enough  data  was  available  in 
this  area  for  analysis.  If  the  data  had  been  made  available,  it  is 
doubtful  that  any  reliable  relationships  could  have  been  identified  in 
the  time  frames  given  for  the  Economic  Analysis. 

3.  Identification  of  fixed  overhead  costs  versus  variable 
commodity  costs  was  difficult.  It  was  more  of  an  art  than  a science. 

4.  The  use  of  standards  in  space  requirements  led  to  some 
difficulties.  At  one  point,  DGSC  required  additional  space  units  in  the 
baseline  scenario. 


5.  In  general,  the  IBM  Mathematical  Programming  System  Extended 
(MPSX),  which  was  used  to  solve  the  model,  was  a good  package.  However, 
the  input  format  makes  the  construction  of  a matrix  generator  a necessity. 


B.  Present  Usage.  At  the  present  time,  the  model  is  being  expanded 
as  part  of  a comprehensive  ICP  study.  The  following  elements  have  been 
introduced  into  the  model: 

1.  Time.  Timing  of  ICP  realignment  is  included  in  the  model. 
Program  variables  are  now  subscripted  by  time. 

2.  Disruption.  Realignment  is  being  constrained  to  certain 
levels  of  disruption.  This  is  an  attempt  to  introduce  performance  in  the 
model . 

3.  MILCON  Funding.  New  building  and/or  renovation  is  subject 
to  a budgetary  constraint. 

4.  Cost  Refinement.  In  anticipation  of  increased  availability 
of  data,  costs  are  refined.  ^That  is,  they  are  being  subscripted  to  a 
greater  extent.  In  place  of  system  averages,  detailed  costs  will  be  con- 
sidered. 


These  represent  the  major  changes  to  the  model.  Undoubtedly, 
other  changes  will  be  introduced  as  study  continues  in  the  ICP  area.  The 
final  goal  is  a model  which  will  consider  all  major  items  of  ICP  alignment. 

C.  Future  Usage.  Besides  future  ICP  planning,  the  model  could  be 
revised  to  study  other  DLA  activities.  The  integer  programming  approach 
lends  itself  to  facilities  planning.  The  number  of  DCASRS,  depots,  dis- 
posal sites,  etc.  could  be  analyzed  using  an  integer  programming  model. 

In  fact,  work  has  been  done  in  some  of  these  areas  but  has  not  been 
formalized. 

V.  SUMMARY 

The  following  points  can  be  made: 

A.  The  use  of  integer  programming  in  facilities  planning  is  not  new. 

B.  A DLA  ICP  model  has  been  formulated. 

C.  The  model  is  being  expanded  as  part  of  a comprehensive  ICP  review. 
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A COMMON  DENOMINATOR  IN  PROCUREMENT  QUALITY  ASSURANCE 
by  Melvin  A.  Mai  lory 


CHART  1 

Good  morning  - Ladies  and  Gentlemen!  This  morning  I would  like  to 
describe  for  you  a common  denominator  in  procurement  quality  assurance 
which  is  becoming  very  significant  in  DCASR  Chicago. 

CHART  2 

This  chart  shows  the  coefficient  of  correlation  of  the  various 
workload  indicators  to  QAR  manpower  at  all  of  the  levels  of  our  organi- 
zation where  QA  management  decisions  must  be  made.  You  can  see  there 
are  indicators  which  show  a high  degree  of  correlation  at  the  CAS  level 
(shipments  and  visits  for  example).  At  the  region  level  where  PERS  is 
applied  - shipments  havethe  highest  correlation  with  product  units  in- 
spected coming  in  a close  second.  But  at  the  QA  branch/section  level 
where  LAPERS  is  supposed  to  work  and  at  the  facility  level  where  the 
product  quality  decisions  are  made  the  coefficients  of  correlation  di- 
minish rapidly  to  a relatively  insignificant  level.  Even  our  primary 
budget  indicator  "QA  Contracts  on  Hand"  shows  a relatively  low  level  of 
correlation  to  QAR  manpower  at  all  levels  of  management.  There  is  only 
one  indicator  which  we  have  named  the  "Weighted  Composite  Observation" 
which  has  a high  degree  of  correlation  to  QAR  manpower  at  all  management 
levels  of  our  organization.  This  is  the  common  denomination  I will  de- 
scribe for  you  today.  I will  show  you:  What  it  is;  why  it  is  that;  and 
how  it  relates  to  the  complexity  of  the  product  we  assess  and  the  criti- 
cality of  the  requirements  we  inspect.  I will  also  show  how  it  can  be 
used  to  assess  the  effectiveness  of  our  efforts,  to  gage  the  direction  we 
must  move  to  become  more  proficient, and  when  combined  with  forecasted 
missions,  describe  future  needs  for  QA  manpower.  You  will  have  to  agree, 
if  it  can  play  a part  in  doing  all  of  this,  it  is  properly  titled  "A 
Common  Denominator."  This  is  a big  order  and  I have  a lot  to  cover  in 
the  next  30  minutes.  If  I go  too  fast  for  you  or  if  you  have  any  short 
questions,  please  feel  free  to  pop  right  in  and  ask  them.  If  your  questions 
are  philosophical  or  would  lead  to  lengthy  discussions  please  hold  them 
back  until  after  the  presentation.  I would  be  willing  to  meet  with  any 
of  you  later  today  to  discuss  the  material  shown.  I can  best  describe  the 
"Weighted  Composite  Observation"  by  telling  you  about  the  operations  re- 
search efforts  we  call  normal  quality  analysis.  A report  on  normal  quality 
analysis  was  first  made  in  February  1971.  Some  of  the  material  you  will 
see  comes  from  that  report.  You  will  also  see  what  has  transpired  since 
then.  I have  a limited  number  of  copies  of  both  the  1971  report  and  to- 
day's presentation  with  me.  Additional  copies  may  be  obtained  by  writing 
to  me  in  Chicago. 
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CHART  2 


CHART  3 


The  original  research  ermnated  from  the  1964  issue  of  ASPR  - 14, which 
remains  essentially  unchanged.  I am  sure  all  of  you  are  familiar  with  it, 
but  I would  like  to  emphasize  one  point  in  ASPR  - 14  - 403  which  requires 
the  CAO  to  use  contractor  generated  data  to  adjust  the  amount  of  Govern- 
ment PQA  to  a minimum  consistent  with  proper  assurance  that  supplies  or 
services  accepted  conform  to  contract  quality  requirements. 

CHART  4 

Here  you  can  see  a comparison  of  the  early  product  inspection  observa- 
tion work  counts  to  QAR  manpower.  You  can  also  see  that  at  the  branch/ 
section  level  a relatively  strong  correlation  exists,  but  falls  apart  at 
the  plant  level.  The  1 February  report  contains  several  examples  of  this 
chart  effort. 

CHART  5 

There  was  a strong  consensus  that  the  variation  in  individual  facili- 
ties was  because  of  the  differences  in  the  type  of  commodities  they  produce. 
So  in  January  1968  we  plotted  the  product  inspection  work  effort  data  of 
all  resident  facilities  while  grouping  them  in  commodity  groups.  Here  you 
can  see  that  comnodity  groups  0,  1 and  3 generally  followed  the  overall 
estimating  line.  Commodity  6 which  was  nuclear  effort  had  a completely 
different  estimating  line.  Commodity  8 (aircraft  & weapons)  closely  follows 
the  nuclear  line  except  for  one  company  - Arnolt  Co.  The  Arnolt  inspection 
effort  is  best  described  by  a point  just  below  the  overall  estimating  line 
but  5 times  the  length  of  the  line  on  the  chart. 

CHART  6 

In  the  electrical  - electronics  commodity  the  same  is  true.  It  could 
even  be  argued  that  there  are  3 separate  and  independent  lines  for  this 
commodi ty . 

CHART  7 


The  scatter  diagram  for  the  mechanical  commodities  is  just  that  - a 
scatter  diagram.  3 and  possibly  4 lines  seem  evident.  In  every  case 
there  appears  to  be  those  maverick  plants  which  tend  to  follow  the  overall 
estimating  line. 

CHART  8 

In  the  munitions  commodity  we  have  a completely  different  story.  Al- 
most all  of  the  plants  follow  an  estimating  line  which  is  similar  to  or 
just  below  the  overall  estimating  line.  What  is  the  difference?  Why 
does  it  take  so  much  more  manpower  to  make  a product  inspection  observa- 
tion in  the  electrical,  nuclear  and  aircraft  commodities  than  it  does  in 
the  munitions  commodities?  The  answer  to  that  question  should  be  quite 
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ARMED  SERVICES  PR0CURE!1ECT  REGULATION 
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14-102  Responsibilities  of  the  Contractor. 

(a)  The  contractor  is  responsible  for  carrying  out  his  obligations 
as  set  forth  in  the  tenas  and  conditions  of  the  contract  and  in  the 
applicable  specifications.  Most  Department  of  Defense  contracts  Include, 
or  reference,  standard  requirements,  such  as  those  in  general  provisions, 
special  clauses  for  an  inspection  system  or  quality  program,  and  performance 
and  product  specif Ication 'requirements.  The  contractor  is  responsible  for 
controlling  product  quality  and  for  offering  to  the  Government  for 
acceptance  onlv  those  supplies  and  services  that  conform  to  contract 
requirements  and,  when  required,  for  maintaining  and  furnishing  substan- 
tiating evidence  of  this  conformance^ 

14-103  Responsibilities  of  the  Government.  The  Government  shall 
determine  the  type  and  extent  of  Government  procurement  quality  assurance 
actions  required,  based  upon  the  particular  procurement.  These  actions 
may  Include: 

(1)  inspection  of  supplies  and  services;  - 

(11)  review  of  the  contractor's  inspection  system,  quality  program, 
or  of  any  other  means  employed  by  the  contractor  to  control 
quality  and  to  comply  with  contract  requirements; 

(ill)  maintenance  of  Government  records  to  reflect  actions,  deficien- 
cies, and  corrective  measures;  and 

(Iv)  review  and  evaluation  of  quality  Information,  including  reports 
from  the  user,  to  initiate  required  corrective  actions  or  to 
adjust  Government  procurement  quality  assurance  actions. 

14-403  Implementation. 

(a)  Determination  of  conformance  to  contract  quality  requirements  shall 
be  made  on  the  basis  of  objective  evioence  of  quality.  In  determining  the 
acceptability  of  supplies  or  services,  the  contract  administration  office 
shall  make  optimum  use  of  quality  data  generated  by  contractors.  To  the 
extent  that  contractor  quality  data  are  available  and  reliable,  as 
determined  by  the  contract  administration  office,  such  data  shall  be  used 
to  adjust  the  amount  of  Government  procurement  oualitv  assurance  to  a 
minimum  consistent  with  proper  assurance  that  the  supplies  or  services 
accepted  conform  to  contract  quality  requirements. 

14-405  Quality  Evaluation  Data.  The  contract  administration  office 
shall  establish  a system  providing  as  a minimum  for  the  collection,  evalua- 
tion and,  use  of  quality  data  developed  (1)  by  the  contractor  during  manu- 
facture and  (2)  by  the  Government  through  procurement  quality  assurance 
actions  and  reports  by  users  during  initial  use  phase,  where  available.  The 
objectives  of  the  system  are  to: 

(1)  provide  a foundation  for  technical  actions  aimed  at  maintain- 
ing and  making  needed  improvements  in  the  quality  character- 
istics of  both  current  and  future  products  (subject  to  military 
requirements  and  cost  considerations); 

(11)  upgrade  the  methods  and  practices  used  to  assure  quality  dur- 
ing manufacture,  delivery,  and  use  of  the  item;  - — 
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CHART  3 


, b X QUALITY  ASSinuUtCE 
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009072  WOOUCT  INSPECTION  WORK  EFFORT 
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PIOOUCT  IMSPECTIOM  OBSRVATIONS  PU  $1,000  SBIPPEO  CHART  8 


evident  - because  the  munition  commodity  is  far  more  precise  in  describing 
what  a quality  requirement  is.  You  are  not  only  told  what  to  measure  and 
where  to  measure  it,  but  how  many  times  and  in  many  cases  the  serial  number  of 
the  gage  to  use.  In  the  mechanical  commodity,  a typical  requirement  would 
be;  The  concentricity  of  a 10'  3"  diameter  shaft  must  be  ^ .003“. 

Where?  How  many  places?  What  Instruments  to  use?  - were  (and  still  are) 
questions  left  up  to  the  QAR  to  solve.  I used  to  inspect  recei vers/trans- 
mitters to  a requirement  for  receiver  sensitivity  of  6 decibels  at  5 micro 
volt  signal  input.  This  unit  operated  on  1450  different  fequencies 

each  crystal  controlled  by  a combination  of  5 out  of  41  crystals.  What  was 
a product  inspection  observation?  A complete  test  for  sensitivity  at  all 
1450  frequencies  or  at  both  ends  of  the  band  and  in  the  middle?  From  1968 
until  the  fall  of  1970  this  was  the  subject  of  much  conversation  between  QA 
specialists.  The  1971  report  contains  some  letters  from  CAS  trying  to 
standardize  the  definition  of  an  observation.  It  was  an  impossible  job. 

CHART  9 

In  October  1970  the  scatter  diagram  of  our  product  inspections  work 
effort  looked  like  this.  It  looked  like  there  were  two  schools  of  thought 
on  what  an  observation  was  and  variations  in  the  opinions  of  how  much  time 
it  should  take  to  do  one,  to  the  magnitude  of  10  to  1.  (Note  the  positions 
of  the  mechanical  branches  01,  A22,  A42  and  the  munition  branches  A12  and 
tl.)  The  real  problem  for  the  progressive  QA  manager  was  to  find  a way  to 
make  this  data  meaningful  without  establishing  reporting  procedures  so 
complicated  that  no  one  could  live  with  them.  This  was  the  real  goal  that 
was  established  for  the  operations  research  project  on  normal  quality 
analysis. 


CHART  10 

Early  in  the  days  of  PERS  (1967)  there  was  a technique  defined  which 
recognized  differences  in  work  based  on  the  amount  of  time  required  to 
accomplish  it.  It  was  called  the  "composite  work  unit  concept."  Here  you 
can  see  that  various  amounts  of  different  types  of  work  can  be  compared 
and  summarized  simply  by  establishing  a relative  weighting  factor  for  each 
type  and  multiplying  the  actual  count  by  the  weighting  factor.  Fine!  Let 
us  do  it  with  the  product  inspection  observation. 

CHART  11 

This  is  a frequency  distribution  histogram  of  the  manhours  expended  per 
observation  by  QARs  in  individual  contractor  facilities.  Fantastic!!!  - - 
We  had  about  15  facilities  where  the  time  to  make  an  observation  was  less 
than  1.8  seconds!  We  also  had  3 facilities  (environmental  testing  labora- 
tories where  the  time  required  to  make  an  observation  was  5-15  hours. 

What  should  the  basic  weighting  value  be?  - - - As  I indicated  I am  an 
old  electronics  man  and  I have  looked  at  histograms  like  this  many  times 
as  power  spectrum  characteristics  of  transmitters  better  known  to  many  as 
signature  characteristics.  These  histograms  are  so  unique  that  no  two 
transmitters  have  the  same  characteristics.  The  characteristics  are  es- 
tablished by  the  precise  dimensions  of  the  tuned  circuits  of  the  transmitter 
and  are  identified  by  the  harmonic  content  of  the  spurious  frequencies.  My 
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goodness  - did  I say  that?  No  matter  - what  it  all  boils  down  to  is  a 
tendency  for  a happening  to  occur  once  - twice  - thrice  - etc.  Let's 
look  again  at  this  histogram  with  that  view.  As  you  can  see,  there  are 
groupings  of  the  times  into  patterns  that  appear  to  repeat  themselves 
forming  lobes.  They  can  be  identified  by  the  low  rate  of  occurrence  be- 
tween them.  One  seems  to  occur  at  .017  and  repeats  at  .029  or  .031, 
repeats  again  at  .049  and  .067,  then  becomes  obscure.  These  do  not 
appear  to  be  exact  multiples  of  the  basic  .017.  Another  very  strong  lobe 
pattern  occurs  at  .007,  repeats  at  .014  and  .021,  becomes  a little  ob- 
scure at  .035,  .042  and  .049,  but  comes  back  very  strong  at  .063,  .070, 
and  .084.  you  can  readily  see  that  these  values  are  all  multiples  of  the 
basic  value  of  .007.  Why  should  this  happen?  Think  about  it  --  if  .007 
manhours  (25.2  seconds)  represented  the  time  required  to  make  one  discrete 
measurement,  then  .014  or  50.4  seconds  would  represent  the  time  required 
to  make  two  measurements  etc.  It  then  goes  without  saying  that  when  a 
QAR  reports  that  he  took  .084  manhours  to  inspect  a sample  that  he  is 
telling  us  that  the  inspection  consisted  of  12  discrete  measurements. 

That's  really  saying  a lot.  Let's  look  again  at  the  chart.  What  are  those 
single  spikes  that  stick  up  through  the  chart?  Three  or  four  of  them  ap- 
pear in  each  increment  of  .007,  They  basically  say  that  there  is  an  in- 
spection effort  that  takes  1/3  to  1/4  of  the  time  it  takes  to  measure 
something.  What  is  it?  Why  visual  - mechanical  inspections,  of  course. 
What  should  the  value  of  the  weighting  factor  for  the  weighted  composite 
observations  be?  Should  it  be  based  on  the  gaged  and  measured  character- 
istics or  on  the  visual  - mechanical  characteristics?  The  decision  was 
to  base  the  weighting  factors  on  the  basic  gaged-measured  characteristics 
of  .007  manhours  or  25.2  seconds.  Now  let's  go  back  to  that  October  1970 
data.  Divide  manhours  required  to  make  a product  inspection  observation 
by  .007, and  multiply  the  result  by  the  number  of  observations  made. 

CHART  12 

This  is  the  result.  Fantastic!  It  would  appear  that  all  QAPs  expend 
manpower  at  a rate  directly  proportional  to  the  number  of  characteristics 
they  inspect.  (Not  the  movement  of  branches  D1 , A22,  A42,  while  there 
was  relative  no  movement  of  the  munitions  branches  A12  and  El.) 

CHART  13 

In  January  1971  I had  the  opportunity  to  do  a composite  product  in- 
spection observation  analysis  on  DCASR  St.  Louis.  As  you  can  see,  almost 
all  of  the  cornnodities  in  that  region  follow  the  sam&  estimating  line  as 
in  Chicago.  • 

CHART  14 

As  a matter  of  fact,  if  you  were  to  construct  a scatter  diagram  of  all 
of  the  CAS  product  inspection  work  effort  and  exclude  any  reference  to  the 
$ value  of  material  shipped,  it  would  look  like. this:  Please  note  that  in 
order  to  make  this  chart  small  enough  to  view  we  have  used  log-*log  g'^aph 
paper.  1^  this  chart  were  placed  on  linear^graph  paper  an(j  the  scale 


123 


COHrOSITF.  I’R(»D0CT  INSPFXl  lt)N  OBSERVATIONS  PER  $1,000  SHIPPED 


QUALITY  ASSURANCL 
R 0 I)  U C I I iN  S f’  E C T I 0 N WORK  EFFORT 

cotiP05iT[  PI r oFSfmnoi^ 


JO  40  50  60  70  80  90  100  110  120  130 

CcHPDttrr  I'RODbCT  INSPIXTION  OBSERVATIONS  PER  $1,000  SHIPPED 


DCKItlC/flffN 


26 


i\foij.yAyjs0o 
NOllOidSMI  l^dOOHJ 


calibrated  to  the  same  increment  as  the  first  two  inches  of  this  graph, 
the  line  would  be  1192  ft.  long  and  766  ft.  high  at  the  farthest  point, 
and  it  still  would  be  a straight  line.  It  is  a little  staggering  to  see 
that  the  expenditure  of  almost  20  manhours  on  just  about  700  observations 
on  nuclear  items  in  Dallas,  Texas  is  in  almost  the  same  proportion  at  the 
expenditure  of  almost  32,000  manhours  and  2 million  observations  on  elec- 
tronics equipment  in  New  York  and  all  QARs  are  working  the  same  way.  If 
you  look  closely  at  the  chart,  you  will  see  that  the  electronics  and 
mechanical  commodities  generally 

appear  above  the  line  while  munitions  appear  below  the  line.  This  addi- 
tional manpower  requirement  can  only  be  interpreted  to  be  the  effort 
needed  to  identify,  define  and  describe  the  detailed  inspection  procedures. 

Now,  let  me  ask  - what  does  this  chart  really  tell  us?  - - - It  tells 
us  that  when  a QAR  decides  that  an  inspection  must  be  made,  the  manpower 
required  to  make  it  is  directly  proportional  to  the  type  of  inspection  and 
the  number  of  discrete  observations  needed.  That  is  all  that  it  tells  us. 
Nothing  more!  It  does  not  tell  us  if  the  inspection  was  really  needed. 

It  does  not  tell  if  the  inspection  level  has  been  adjusted  to  a minimum 
consistent  with  ASPR  14-403.  It  does  not  tell  us  if  the  quality  conforms 
to  contract  quality  requirements.  It  does  do  one  thing  for  us,  however. 

It  establishes  a common  base  line  (a  common  denominator  if  you  will)  by 
which  all  of  these  things  can  be  determined. 

The  most  important  issue  for  example  is  the  quality  of  material  being 
offered  for  acceptance.  To  examine  this  issue  we  must  determine  what 
quality  requirements  are  established  in  the  contract. 

CHART  15 

Most  quality  requirements  established  in  contracts  and  contract  speci- 
ficiations  are  defined  in  terms  of  the  acceptable  quality  level.  (Note: 
Read  the  definition  with  emphasis  on  the  words  "can  be  considered  satis- 
factory as  a process  average.)  To  be  consistent  with  ASPR  14-403,  QARs 
should  be  using  contractors'  data  to  accept  material  when  the  contractors' 
process  average  is  less  than  the  AQL  and  the  contractors'  data  is  reliable. 
Likewise,  the  QAR  should  be  inspecting  material  where  the  contractors' 
process  average  is  greater  than  the  AQL  or  is  unrealiable.  Simple!  - 
Compare  the  two  process  averages  to  the  AQL  and  to  each  other.  Woops! 
That's  a lot  of  data  and  not  all  of  it  is  available.  First,  AQLs  are 
specific  requirements  placed  on  individual  tests,  parts,  assemblies  and 
maybe  final  assemblies.  Second,  none  of  the  contractors'  data  is  contained 
in  our  management  data,  the  QA  activity  report.  Third,  the  QARs  product 
inspection  data  yields  only  one  process  average  which  is  a composite  of 
all  the  inspection  results  for  the  month.  What  we  need  is  a composite  AQL. 
We  know  the  composite  work  count  describes  the  complexity  of  the  QAR's 
inspection  effort.  Would  it  be  possible  to  estimate  a composite  AQL  (or 
if  you  will  a normal  quality  level  for  the  QARs  effort  based  on  complexity) 
Let's  examine  once  again  the  AQL  and  how  it  is  established. 
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CHART  16 


Here  you  see  several  AQLs  which  occur  with  surprising  regularity  in 
contracts  and  contract  specifications.  I am  sure  we  have  all  seen  AQLs 
which  are  established  for  individual  characteristics  and  AQLs  which  have 
been  established  for  grouped  characteristics.  All  of  the  statistical 
quality  control  text  books  state  that  AQLs  for  grouped  characteristics 
must  be  higher  than  for  individual  characteristics,  establishing  a natural 
progression  of  the  AQL,  but  none  define  that  progression  in  precise  terms. 
Here  you  see  my  estimation  of  the  natural  progression  of  the  AQL  based  on 
20  years  of  inspecting  material  to  those  AQLs.  This  original  estimate 
has  proven  to  be  surprisingly  close  to  the  real  progression.  As  you  can 
see  the  estimating  formula  selected  for  the  composite  normal  quality  level 
is  the  same  as  it  should  be  for  Major  B characteristics,  on  the  premise 
that  the  effect  of  critical  and  Major  A characteristics  would  be  nullified 
by  the  effect  of  minor  characteristics.  Naturally  any  inspection  opera- 
tion which  contained  a higher  than  normal  mix  of  critical  or  Major  B 
characteristics  would  have  to  have  lower  normal  quality  level  in  order  to 
properly  assess  product  quality.  Until  now  our  QA  activity  report  has  not 
revealed  the  mix  of  the  criticality  of  the  QARs  product  inspection  findings. 
Maybe  in  the  future  it  will.  Along  these  lines  I seem  to  remember  some 
concerted  effort  to  collect  information  from  the  Services  on  the  quality 
of  material  being  received  from  contractors  under  DCAS  administration. 

The  figure  of  14%  defective  got  tossed  arout.d  a little,  but  was  rapidly 
discarded  because  none  of  the  data  in  our  QA  activity  report  showed  process 
averages  that  high.  There  are  two  important  points  to  be  made  in  this 
respect.  (1)  Our  data  is  the  sum  of  findings  of  many  discrete  inspections 
on  components,  sub  assemblies  and  inspection  stations;  nowhere  do  we  have 
the  accumulation  of  product  quality  for  complete  deliverable  contract 
items,  and  (2)  We  do  not  normally  include  findings  relating  to  product 
defectiveness  observed  while  performing  concurrent  inspection  with  the 
contractor.  Based  on  the  estimating  formula  for  the  normal  quality  level 
it  would  be  reasonable  to  observe  14.7%  defective  material  if  the  inspec- 
tion took  at  least  1 hour  to  perform.  At  one  time  in  my  career,  I was 
required  to  test  Navy  radar  switchboard  equipment  for  what  they  call  cross- 
talk. The  complete  test  took  just  over  one  hour.  - - - Can  you  guess  what 
the  AQL  was?  - - - You  guessed  it!  Fifteen  defects  per  hundred  units 
tested. 


CHART  17 

Since  the  estimate  of  the  normal  quality  level  is  based  on  a standard 
formula  it  can  be  tabled  for  ready  reference  by  QA  specialists  and  mana- 
gers. Better  yet,  it  can  be  programmed  into  the  computer  and  provided  for 
each  facility  listed  in  the  QA  activity  report. 

CHART  18 

It  is  also  possible  to  construct  a table  of  defect  action  limits  so 
that  QARs  can  determine  how  contractors'  individual  process  averages  com- 
pare to  individual  AQLs  without  being  a math  wizard  or  having  access  to 
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CHART  17 
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a computer.  For  example,  if  a contractor  is  working  to  an  AQL  of  1.0  and 
has  inspected  1000  units,  the  process  average  would  exceed  the  AQL  if  more 
than  10  defects  were  observed  and  the  QAR  should  do  some  additional  inspec- 
tion to  assure  that  the  contract  quality  requirements  are  complied  with. 

Now  simply  by  comparing  the  estimated  normal  quality  level  to  the  QARs 
observed  defectiveness  (the  observation  index)  it  is  possible  to  construct 
a new  weighting  factor  (based  on  the  should-see,  did-see  concept)  that 
represents  that  portion  of  the  QARs  product  inspection  effort  that  is 
supportable  from  a product  quality  (or  the  lack  of  it)  point  of  view. 

CHART  19 

Applying  this  new  statistic  to  that  old  1971  composite  ooservation, 
you  can  see  that  most,  but  not  all,  of  the  QARs  product  inspection  effort 
is  supportable  from  a product  quality  point  of  view.  The  QA  branches, 
strong  in  mechanical  effort,  still  need  to  be  looked  at,  but  look  at  what 
has  happened  to  the  munitions  branches  D5,  A12  and  A43.  They  have  moved 
in  line  with  the  mechanical  branches  suggesting  that  some  of  the  effort 
(possibly  even  the  mandatory  characteristics)  could  be  reduced  because  of 
product  quality.  A very  interesting  development. 

CHART  20 

So  far  I have  only  talked  about  all  of  these  nice  calculations  and 
have  shown  you  how  they  effect  a scatter  diagram.  Here  is  how  the  calcu- 
lations are  actually  made  and  how  standards  can  be  applied  to  measure 
effectiveness.  (Note:  The  observation  earning  i^ate,  the  normal  quality 
level,  and  the  defect  earning  rate.) 


CHART  21 

This  is  how  the  national  picture  looked  in  October  1970  when  viewed 
through  normal  quality  analysis.  As  you  can  see,  Atlanta  and  San  Francisco 
reported  much  mor^  product  defectiveness  in  their  data  than  average,  while 
New  York  and  Philadelphia  reported  much  less. 

CHART  22 

In  July  1971  the  picture  was  much  the  same  except  it  looked  like 
Chicago  was  moving  toward  Atlanta  and  San  Francisco  and  Detroit  joined 
New  York  and  Philadelphia. 

CHART  23 

A look  at  the  normal  quality  analysis  for  the  National  data.  The 
contributing  factor  for  the  computed  effectiveness  levels  was  the  defect 
earning  rate. 
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CHART  20 
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CHART  24 


So  we  dug  down  in  the  tool  box  once  again  and  hauled  out  the  old  but 
trustworthy  frequency  distribution  chart  and  applied  it  to  the  National 
data  for  August  1971.  This  time  we  were  looking  for  reasons  why  there 
was  so  much  variation  in  the  defect  earning  rate  (the  ration  between  the 
normal  quality  level  and  the  observation  rate).  Here  we  plotted  each 
region's  data  individually.  As  you  can  see,  every  region  was  different. 
However,  there  was  a very  strong  tendency  for  the  lobes  to  form  suggesting 
a strong  possibility  that  some  assignable  causes  may  be  identifiable. 

CHART  25 

This  chart  shows  the  same  data  for  all  regions  combined.  It  was  soon 
apparent  that  because  QARs  could  not  report  product  defectiveness  observed 
during  the  concurrent  (test  surveillance)  type  of  inspection  that  the  ob- 
servation index  was  a biased  statistic. 

CHART  26 

In  June  of  1972  we  finally  convi-nced  the  CAS-Q  staff  to  let  QAR's  re- 
port defectiveness  observed  during  concurrent  inspection  in  their  observa- 
tion index.  At  the  same  time  CAS  gave  up  on  the  observation  work  count 
and  changed  the  term  to  samples  inspected.  Unfortunately  when  the  National 
observation  index  climbed  to  well  over  1%  defective,  it  disturbed  some 
very  influentual  people  and  in  December  of  1972  it  was  changed  to  end 
items  inspected  and  no  reporting  of  observed  defectiveness  while  perform- 
ing concurrent  inspection.  Here  you  can  see  the  effect  the  numbers  game 
had  on  the  normal  quality  analysis  while  there  was  very  little  effect  on 
real  effectiveness.  (Note;  The  changes  in  the  observation 

rate,  the  defect  earning  rate,  and  the  value  of  the  estimated  line.) 

CHART  27 

In  May  of  1974  the  product  inspection  work  count  and  the  defective 
product  inspection  work  count  was  discontinued  in  the  National  RCS  448. 

This  is  the  latest  National  normal  quality  analysis  that  I can  show  you. 
(April  1974)  here  you  can  see  the  effect  of  the  end  item  work  count  on 
the  observation  earning  rate,  and  the  loss  of  in-process  and  concurrent 
inspection  defect  reporting  in  the  defect  earning  rate.  Again,  Atlanta, 
Dallas  and  San  Francisco  appear  to  be  the  most  effective  from  the  product 
quality  point  of  view. 

CHART  28 

In  Chicago  we  continued  the  product  inspection  work  count  in  the  QA 
activity  report.  Here  you  see  the  normal  quality  analysis  of  today.  As 
you  can  see  we  count  sample  units.  This  is  so  in-process  inspection 
results  can  be  included  in  the  work  counts.  We  still  do  not  count  observed 
defectiveness  while  performing  concurrent  inspection,  but  we  know  how  much 
this  biases  the  data  and  have  made  allowances  for  it.  As  you  can  see  the 
normal  quality  analysis  technique  is  alive  and  well. 
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NORMAL  QUALITI  ANALYSIS 


CHART  26 


NATIONAL  NORMAL  QUALITY  ANALYSIS 


CHART  27 


DCASR  CHICAGO 


.112K  + .25  Earned  MH/$1000  .425 


CHART  29 


Here  you  can  see  the  analysis  as  it  applies  to  the  DCASMAS  and  OCASPROS. 
DCASMA,  Indianapolis  is  approaching  the  tolerance  level  and  will  be  looked 
at  during  a management  review  in  August.  DCASPRO,  Sundstrand  is  deeply 
involved  with  NASA  and  the  space  shuttle  and  because  of  concurrent  inspec- 
tion on  critical  characteristics  has  not  reported  a single  observed  defect 
in  over  two  months. 


CHART  30 

In  previous  region  normal  quality  analysis  you  may  have  noticed  that 
DCASMA  South  Bend  always  has  a high  percentage  of  effectiveness.  Here  you 
can  see  why.  Blaw-Knox  produces  armor  steel  castings  for  the  M-60  tank, 
tank  hulls,  turrents,  and  gun  shields.  We  have  quality  problems  but  very 
little  authority  to  initiate  corrective  action.  Defective  castings  end  up 
being  shipped  to  the  prime  contractor  who  repairs  the  casting  and  bills 
Blaw-Knox.  Sometimes  we  wonder  why  we  are  in  the  plant  - we  seem  to  be 
doing  the  prime  contractor's  job  for  him.  In  A.  M.  General  Corporation 
we  sample  vehicles  and  drive  them  around  the  test  track.  There  is  very 
little  concurrent  inspection.  As  you  can  see  the  defect  earning  rate  is 
almost  1.969.  This  is  hardly  the  PQAP  described  by  ASPR,  but  TACOM  is 
satisfied  with  our  work.  Even  when  you  exclude  those  two  plants  from  the 
analysis,  it  is  quite  obvious  that  most  of  the  QARs  in  South  Bend  are 
working  very  proficiently. 


CHART  31 

Even  when  you  look  at  the  region  without  Blaw-Knox  and  A.  M.  General 
you  can  see  that  we  can  support  our  expenditure  of  QA  manpower  from  a 
product  quality  point  of  view  and  you  must  conclude  that  we  are  actively 
engaged  in  implementing  the  requirement  of  ASPR  14-403, 

CHART  32 

Why  does  normal  quality  analysis  work  at  the  facility  level?  Because 
PQAP  works  at  the  facility  level.  A summary  of  PQAP,  as  defined  by  ASPR, 
shows  that  QARs  have  the  authority  to  use  contractor  data  to  accept 
material  and/or  to  identify  those  characteristics  where  he  should  be  per- 
forming additional  product  inspection. 

CHART  33 

What  is  the  potential  for  reducing  Government  PQA  to  a minimum  consis- 
tent with  proper  assurance  that  the  supplies  or  services  accepted  conform 
to  contract  quality  requirements?  The  answer  to  that  question  is  best 
demonstrated  by  this  chart.  You  can  readily  see  that  by  using  the  princi- 
ple of  characteristics  selection  and  the  product  verification  R levels, 
it  would  be  possible  to  reduce  the  ratio  of  contractor  inspection  person- 
nel to  Government  inspection  personnel  to  the  100  to  1 level  and  below. 

As  long  as  QARs  are  performing  product  verification  inspection  on  charac- 
teristics where  the  contractors  process  average  is  less  than  AQL  and  the 
contractor  generates  reliable  quality  data,  there  is  the  potential  of  re- 
ducing Government  PQA  effort. 
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DCASR  CHICAGO 

NORMAL  OIJALITY  ANALYSIS 


100  Z Effectiveness  100.5 


SUfWRY  OF  PQAP 

1.  CONTRACT  REQUIREMENT  FOR  OR  CONTRACTOR  AGREEMENT  TO; 

ESTABLISH  AND  MAINTAIN  A QUALITY  OR  INSPECTION  SYSTEM. 

2.  QAR  WILL  (MONITOR  THE  SYSTEM) 

A.  INITIALLY  REVIEW  THE  CONTRACTOR'S  PROCEDURES. 

B.  PERIODICALLY  EVALUATE  THE  CONTRACTORS  COMPLIANCE  TO  THE 
PROCEDURES 

C.  RANDOMLY  AUDIT  THE  CONTMCTQRS  SYSTEM 

D.  ALWAYS  INITIATL CORRECTIVE  ACTION  FOR  OBSERVED 
DEFECTIVENESS  OR  FAILURE. 

3.  QAR  WILL  EVALUATE  OBJECTIVE  QUALITY  DATA. 

A.  ACCEPT  MATERIAL  WHEN  DATA  PROVIDES  ADEQUATE  ASSURANCE 
THAT  CONTRACT  REQUIREMENTS  ARE  MET. 

B.  DETERMINE  WHICH  QUALITY  CHARACTERISTICS  MAY  NOT  MEET 
CONTRACT  REQUIREMENTS. 

C.  TAKES  CORRECTIVE  ACTION  FOR  OBSERVED  FAILURE. 

4.  QAR  WILL  PERFORM  PRODUCT  VERIFICATION  INSPECTION 

A.  AS  REQUESTED  BY  PCD. 

B.  FOR  QUALIIY  CHARACTERISTICS  WHICH  HAVE  HIGH 
PROBABILITY  OF  DEFECTIVENESS. 

C.  CHARACTERISTICS  WHICH  HAVE  BEEN  DEFECTIVE.  (PREVIOUS 
REJECTION  OH  CUSTOMER  COMPLAINT) 

D.  TAKES  CORRECTIVE  ACTION  FOR  OBSERVED  DEFECTIVENESS  IN 
.EXCESS  OF  CONTRACT  REQUIREMENTS. 
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CHART  32 


r 1 


GENERATING  & USING  QUALITY  DATA 


CONTRACTOR  INSPECTION 

GOV'T. 

INSPECTION 

5 Lots  60,000 

60,000 

60,000 

60,000 

Samples  N-500 

R5  (100) 

R1  (500) 

R5  (100) 

AQL  MaJ . l.S  Group 

1.5Group 

.4  Char 

• 

.4  Char. 

.4  Char. 

.4  Char. 

DEFECTS 

FOUND 

101 

1 

NA 

NA 

102 

- 

103 

4 

104 

4 

1 

’ 

1 

105 

106 

, 

107 

1 

: 

108 

109 

NA 

NA 

110 

15 

3 

15 

3 

111 

NA 

NA 

112 

li 

‘ , 

113 

t 

1 

1 

114 

2 

5 

* 

115 

i 

1 

116 

i 

1 

IW 

1 

1 

118 

4 

1 

119 

1 

1 

120 

3 

1 

121 

NA 

NA 

Total  units  Insp. 

2500 

500 

2500 

500 

Tot.  obs.  made  52 

,500 

10,500 

2500 

500 

Unit  P.A. 

1.2X 

1.2Z 

.6Z 

.6Z 

Obs.  P.A. 

.06Z 

.06Z 

.6Z 

.6Z 

‘ Poorest  ch.  P.A. 

.6Z 

.6Z 

.6Z 

.6Z 

Obs. /Unit 

21 

21 

1 

] 

Mh  Rod.  367.5 

73.5 

17.5 

3.: 

Minutes/Unit 

8.2 

8.2 

.3 

.3 

Sac /Obs.  1 

25.2 

25.2 

25.2 

25.2 
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CHART  33 


CHART  34 


I That's  fine  for  the  munitions  commodity,  but  will  the  same  principle 

I apply  where  there  are  no  clearly  defined  quality  requirements?  The  answer 

[ is  yes.  This  chart  shows  an  assessment  of  the  seriousness  of  observed 

[ defectiveness  on  10  rough  Terrain  fork  lift  trucks  based  on  the  type  of 

repair  action  needed  to  correct  the  deficiency.  The  theory  behind  this 
assessment  was  that  maintenance  and  operator  personnel  could  correct  minor 
deficiencies  but  may  not  have  the  parts  or  the  facilities  necessary  to 
correct  the  serious  deficiencies.  The  assessment  supported  the  QAR  manning 
level  revealed  by  a normal  quality  analysis.  Shortly  after  this  assess- 
ment was  made,  one  of  those  hydraulic  lines  which  operates  between  6000- 
8000  PSI  broke  at  a fitting.  The  whip  action  killed  a company  employee. 

So  there  was  critical  defectiveness  even  though  none  was  observed  on  these 
units. 

CHART  35 

In  addition  to  the  nomial  quality  analysis  technique  in  Chicago,  we 
have  another  analysis  which  can  be  properly  defined  as  a profile  analysis 
of  PQA  effort.  We  call  this  "QA  performance  cause  and  effects."  While 
i not  directly  related  to  the  normal  quality  analysis,  it  does  reveal  some 

j facts  about  our  PQA  effort  that  does  support  the  normal  quality  analysis, 

i Here  you  can  see  the  September  1972  region  performance  data  displayed  as 

manhours  per  $1000  shipped.  The  regions  are  ranked  based  on  the  total  Ml 
(least  to  most).  In  this  way  it  is  relatively  easy  to  analyze  the  cause 

of  each  region's  rank  position  (the  effect).  It  is  also  relatively  easy 

i to  compare  each  region's  expenditure  of  effort  in  each  category  to  the 

I National  (CAS)  average.  Each  abnormal  variation  can  be  considered  as  an 

effect,  and  motivates  an  analyst  to  go  looking  for  causes.  Here  I would 
simply  like  to  point  out  that  the  variation  in  the  total  manpower  index 
between  regions  is  matched  by  similar  variations  in  product  verification 
and  administrative  effort. 

CHART  36 

This  chart  disolays  the  DCASR  Chicago  field  activity  data  in  the  same 
manner  as  the  previous  chart  did  the  National  data.  Here  we  see  the  same 
relative  effect  of  the  variation  in  product  verification  and  administra- 
tion along  with  a greater  variation  in  system  surveillance.  Corrective 
action  effort  does  not  vary  as  the  other  types  of  effort  does.  But  notice 
the  system  index  here  varies  in  a direction  opposite  to  the  other  indexes. 
It  would  appear  that  as  QARs  became  more  proficient  in  performing  PVI  and 
systems  surveillance,  they  expend  a greater  portion  of  their  in-plant 
effort  in  obtaining  corrective  action.  Isn't  that  the  way  PQAP  is  supposed 
to  work?  Why  wasn't  this  phenomenon  evident  in  the  National  data? 

' CHART  37 

In  April  1974  the  same  relationships  continued  but  here  we  can  see  a 
slight  decline  in  the  amount  of  corrective  action  taken  by  some  offices. 
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Defect  Categorization  for  DCAS  Final  Vehicle 
Inspection  at  Pettlbone  Mulllken 
10  ea.  Rough  Terrain  Fork  Lift  Truck  Between  Serial  ^/1072-//1098 


REPAIR  ACTIONS 


DEFECT 

CRITICAL 

SERIOUS 

MINOR 

Safety  hazards, 

Repair,  replace. 

Tighten,  reposition. 

missing  guards. 

rework,  reform 

adjust,  clean  . 

protective 

devices 

Hydraulic  sys  oil  leaks 

(replaced)-  (1| 

(tightened)- 0'0'j^  ml 

Engine-drive- (?/ / leaks 
Engine  won’t  idle 
Controls  out  of  adj . 
Loose  parts 

(replaced).  /( 

(tightened)-)/ 

(adj.)  —1) 

(adj . ) -Jl/f 

(tightened)  - /// 

Missing  parts 

(1ns  tailed  )-|l/| 

Wrong  parts 

(installed  )..| 

Hose  chaffing 

(replaced)-  ' 

(reposition)-^/ 

Damaged  fender 

(straightened) - | 

Damaged  stop 

(rewelded)  - / 

Moisture  in  light 

(replaced)  ~t 

Void  material  In  casting 

(welded)  -/ 

Def.  valve  regulator 

(replaced) 

Boom  Interference 

(g^#.«W  -// 

clearance) 

Def.  operating  instructions 

(replaced)  — (I 

(repositioned)  - / 

Dirt  - excess  oil 

(cleaned)  — / 

Foreign  material 

(replaced  ^ i 
unit) 

(cleaned)  — j 

Sum  Defects  (58) 

21 

37 

X of  Sum 

36.2% 

63.8% 

Defects  observed  Oct  71- 

Mar  72  (2425) 

1 878 

1,547 

X of  Total  observations 

(36,895) 

2.37 

4.19% 
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CHART  34 


Cf-IART  38 


In  May  1977  we  see  that  the  variation  still  exists  in  PVI  and  adminis- 
trative effort.  Both  show  a decline  in  the  intensity  of  effort  which  is 
probably  related  to  in^'lation.  We  can  see  a slight  increase  in  the  in- 
tensity of  systems  surveillance  effort.  There  is  a very  sharp  decrease  in 
corrective  action  effort,  suggesting  that  we  do  not  spend  as  much  time 
obtainiig  corrective  action  for  the  deficiencies  we  see.  This  should  be  a 
matter  of  some  concern. 

CHART  39 

This  display  of  the  National  QA  performance  data  in  the  cause  and 
effect  array  reveals  some  new  and  very  interesting  factors.  With  only  a 
few  exceptions  there  is  a significant  uniformity  in  the  amount  of  systems 
surveillance  and  other  (administrative)  effort  emerging.  Most  of  the 
variation  in  the  overall  performance  index  appears  directly  related  to 
the  performance  of  product  verification  inspection.  This  is  the  area 
where  the  normal  quality  analysis  is  designed  to  work.  Now  is  the  time  for 
work  to  remove  some  of  the  stumbling  blocks  (biases  if  you  will)  and  make 
the  technique  of  normal  quality  analysis  a more  viable  management  tool. 

CHART  40 

Our  plans  and  recommendations  should  help  achieve  that  objective. 

Is  there  a common  denominator  in  procurement  quality  assurance?  Does 
it  tell  you  anything  about  the  complexity  of  our  mission  or  help  describe 
how  effective  we  are  in  accomplishing  it? 

Are  there  any  questions? 

Thank  you! 
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QA  PERFORMANCE  CAUSE  AND  EFFECTS 


CHART  38 
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DCASR,  CHICAGO 

OR/EA  SYMPOSIUM  - JULY  1977 
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levj'i,:;  ii:  physical  inventories 


Captain  Ronald  H. Stokes 


I ntro  i 1 uction 

DLA  ir,  presently  spending  large  sums  of  money  to  remove  errors 
from  its  records  t-f  stock  on  hand.  In  spite  of  this,  It  is 
evident  that  errors  still  exist  and  cause  additional  expense. 
This  study  was  undertaken  to  determine  the  optimal  amount  of 
effort  to  spend  removing  record  errors  of  stock  on  hand  through 
physical  inventories.  The  first  subject  discussed  will  be  a 
description  of  the  present  situation  and  the  development  of  a 
mathematical  model  to  represent  this  environment.  This  will  be 
followed  by  discussions  on  the  assumptions  made  In  developing 
the  model,  data  collection  and  analysis,  and,  finally,  some 
recommendations  will  be  presented. 

Background 


In  the  DLA  system,  information  on  how  much  stock  Is  stored  at 
each  depot  is  maintained  at  the  Inventory  Control  Point  (ICP). 

This  information  Is  used  by  the  ICF  to  make  many  decisions  such 
as  when  to  order,  how  much  to  order,  which  depot  to  ship  from, 
which  depeJt  to  ship  to,  when  to  dispose  of  stock,  how  much  to 
dispose  of,  when  to  backorder,  etc.  Each  of  these  decisions 
is  made  so  that  costs  will  be  minimized.  If  this  information 
is  inaccurate,  the  quality  of  the  decisions  is  effected  and 
costs  Increase.  In  an  effort  to  reduce  these  increased  costs, 
resources  are  expended  to  Identify  record  errors  and  correct 
them.  There  are  four  separate  programs  which  currently  make 
most  of  the  corrections  to  the  ICP  records.  These  programs 
are  the  physical  Inventory,  locator  reconciliation.  Depot 
Balance  and  Transaction  Register  (DBTR),  and  denial  research 
programs . 

The  physical  inventory  program  schedules  Items  to  be  counted 
based  on  the  length  of  time  since  the  last  inventory  and  the 
category  of  the  item.  Some  Items  must  be  counted  every  year; 
however,  m.ost  items  are  divided  Into  groups  which  are  statistic- 
ally sampled  every  three  years.  If  more  than  a predetermined 
number  of  items  have  major  errors  ($500  or  more),  the  entire 
group  of  items  is  Inventoried. 

The  locator  reconciliation  prograjn  compares  once  a month  the 
level  of  stock  on  record  at  the  ICP  with  the  locator  files 
of  the  depot.  A balance  with  no  location  or  a location  with 
no  oalance  is  considered  a mismatch  and  an  Inventory  is  scheduled. 
Inventories  can  be  taken  any  time  during  the  succeeding  month. 
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flormaJ  ly  howevcT,  only  a portion  of  the  i.i  Loinatche'S  are  inventoried  ( 

due  to  resource  lirnitatloiis . i 

The  DBTR  program  is  another  nionthl.'.  px'cgram  which  compares  the  ICP 

balance  with  the  depot  balance.  Discrepai.c  i es  are  corrected  by 

matching  the  cori'esponding  records  of  eacli  transaction  which 

occurred  during  the  preceding  month.  Thl  program  is  the  only 

one  which  does  not  look  at  the  stock.  It  merely  balances  the 

bookkeeping  functions  between  the  TCP  and  depot.  Consequently,  , 

it  does  not  correct  existing  errors.,  but  prevents  some  additional 

errors  from  occurring. 

The  last  way  in  which  errors  are  renoved  froiri  the  records  is 
through  the  denial  research  program.  A warehouse  denial  occurs 
when  the  ICP  Issues  a release  order  which  the  depot  cannot  fill. 

Such  denials  cause  the  ICP  to  adjust  its  balance  to  zero. 

The  locator  reconciliation,  DBTR,  and  denial  research  programs 
correct  record  errors  when  an  indication  of  an  error  is  received. 

The  locator  reconciliation  and  denial  research  programs  tend  to 
correct  records  when  the  on  hand  balance  is  relatively  low,  but 
the  procurement  cycle  during  which  these  corrections  occur  is 
unpredictable.  The  DBTR  program  corrects  errors  at  any  point 
during  the  procurement  cycle  and  can  be  viewed  as  merely  reducing 
the  probability  of  an  error  on  each  transaction. 

Besides  the  programs  which  correct  errors,  the  other  aspect  of 
the  system  to  be  modeled  is  the  propogation  of  the  errors  them- 
selves. This  aspect  is  not  as  concrete  as  the  error  correcting 
programs,  but  some  general  comments  can  be  made.  The  most 
obvious  observation  is  that  since  the  size  of  the  error  is  un- 
known, it  must  be  described  by  a probability  distribution.  This 
distribution  gives  the  probability  of  having  no  error,  one  more 
item  than  is  on  record,  one  less  item  than  Is  on  record,  etc.  as 
illustrated  in  figure  I.  ■ Furthermore,  it  is  reasonable  to  assume 
that  if  the  ICP  and  depot  conduct  business  for  a period  of  time 
without  the  records  of  stock  on  hand  being  corrected,  the  pro- 
bability of  having  an  error  in  the  records  and  the  average  size 
of  the  error  will  increase. 

Although  the  record  error  is  unknown,  information  is  gained  about 
its  possible  value  each  procurement  cycle  even  though  no  denial 
or  locator  reconciliation  mismatch  occurs.  This  phenomenon  occurs 
because  it  is  impossible  to  overstate  the  actual  quantity  on  hand 
by  more  than  the  recorded  stock  on  hand.  This  limit  is  most  con- 
fining Just  prior  to  a receipt.  Thus,  at  the  beginning  of  the 
procurement  cycle  the  expected  error  might  be  relatively  symmetric, 
but  when  no  denial  has  occurred  by  the  time  a new  procurement 
arrives,  we  must  adjust  our  previous  estimate  to  Include  this  new 
information  as  Illustrated  in  figure  II. 
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Thus,  :ilthou(5!i  Mic  on  or  of  r j.j  t,iio  nt,Oi-l.  t^ijarco  can 

grovj  from  piocuremonV  cycle  C'’  pj'ocu  cn-.en'.  cycle,  the  err-oi-  of 
having  less  stock  on  hond  than  on  recoi'd  w.1ll  tend  to  triccei’  a 
denial  and  be  corrected. 


Exporlence  has  shown  that  ttiei’o  is  a 1 
no  error  and  a sicnif leant  probal'lTlt.v 
In  the  records.  Therefore,  an  oxocnen 
was  chosen  to  represent  the  pro'oabilll; 
in  the  records  because  It  has  those  cli 
has  the  added  advantage  of  beln^  easy 
'The  probability  distribution  has  to  ha 
positive  values  since  the  erroias  can  b 
state  actual  assets.  Errors  of  overst 
will  be  called  negative  errors  arid  cri' 
stock  position  will  be  called  peril ivo 
vious  discussion,  however,  it  .is  obvio 
positive  errors  are  not  propogatod  in 
fashion  from  procurement  cycle  to  proc 
these  criteria  in  mind,  the  following 
initially  selected: 


aia'.-*  probability  of  having 
of  hav.ing  .1  ai‘ge  error.s 
i 1 type  distribution 
y distribution  '^or  errors 
a !^’.ctei-ist  Ics  . It  also 
to  handle  'UTohemat  leal  ly . 
rid'lo  both  negative  and 
otli  undersi: -'.to  and  over- 
ating  the  r. lock  position 
ors  o:''  understating  the 
errors.  From  the  pre- 
us  that  negative  and 
the  records  in  the  same 
urement  cycle.  With 
distribution  was 


f(x; 


T(^j,  xiO 


However,  this  distribution  did  not  pi'cdlct  enough,  occurrences 
of  no  errors  when  compared  with  a sample  of  real  items  so  the 
distribution  was  modified  as  follows; 


1X7^0)  r 

i (Xl  X iXO)  - 


< 0 


Ppi’l)  (X  / O)  - I T where  N is  the  number  of  transactions 

since  the  last  inventory.  The  probability  of  having  an  error 
In  the  records  was  obtained  from  tlie  assu.mption  that  there  is 
some  probability,  T,  of  an  error  occurring  on  each  transaction 
and  no  chance  of  two  errors  canceling  each  other  out.  The 
parameters^/  and  are  considered  to  bo  functions  of  the  amount 
of  materiel  requisitioned  and  received  since  the  last  Inventory. 
The  parameter , oc  , allows  for  the  possibility  tliat  the  number  of 
negative  and  positive  errors  may  not  be  equal.  A previous  .study 
found  that  the  probability  of  an  error  was  most  closely  correlated 
with  the  number  of  requisitions  and  receipts  while  the  size  of  the 
error  was  most  closely  correlated  with  amount  requisitioned  and 
received. 
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important  at  certain  points  of  the  pr ocurorient  cycle  than  at.  other:- 
The  two  most  important  times  durlnn;  the  prr^curem'c-r/c  cycle  to  have 
accurate  information  is  just  prior  to  placing  an  order  and  just 
prior  to  the  receipt  of  a shipmcn\. . Asset  Information  Is  used  in 
placing  orders  to  minimize  the  sum  of  holding  corts  and  backorder 
costs.  Ordering  early  ’./ill  Increase  holding  costs  more  tlian  It 
will  decrease  backorder  costs,  and  ordering  late  will  increase 
backorder  costs  more  than  it  v/111  decrease  holding  costs.  Asset 
Information  Is  used  just  prior  to  the  receipt  of  a shipment  in 
making  backordo’-  decisions.  If  the  ICP  does  not  have  enough 
assets  on  record  to  satisfy  a requisition,  tne  requisition  is 
backordered.  However,  if  the  assets  were  understated  and  there 
were,  in  fact,  enough  assets  to  fill  the  requisition,  the  error 
will  lead  to  unnecessary  backorder  and  holding  costs.  A calendar 
policy  schedules  inventories  based  on  the  elapsed  time  since  the 
last  Inventory  without  regard  to  asset  position.  This  policy  may 
have  the  advantage  of  being  easier  to  implement.  Since  SAT-IMS 
maintains  a perpetual  Inventory,  it  v/as  decided  that  the  ad- 
vantages of  a trigger  policy  would  probably  outweigh  the  added 
difficulty  in  iraplementatlcn . A previous  study*  Indicated  tlia'' 
the  Increased  costs  frovn  faulty  information  was  greater  before 
receipt  of  a shipment  than  before  placing  an  order.  Therefore, 
a trigger  policy  of  inventorying  stock  prior  to  receipt  of  a 
shipment  was  selected. 

The  other  Inventory  policy  decision  which  must  be  made  is  whether 
to  use  a sample  Inventory  or  a full  count  Inventory.  The  sample 
Inventory  is  taken  to  get  an  Improved  estimate  of  the  record 
accuracy  of  the  Items  in  the  group.  This  technique  is  most 
efficient  when  the  sampled  group  is  as. homogeneous  as  possible 
with  respect  to  the  probability  of  having  an  error  in  the  re- 
cords. Presently  the  Items  are  grouped  by  supply  class  and  not 
by  any  tendency  toward  errors.  Therefore,  making ^ and  ^ func- 
tions of  amount  shipped  and  received  would  probably  be  as  effec- 
tive in  estimating  record  accuracy  as  a sample  Inventory.  A 
further  consideration  is  that  the  sample  Inventory  technique 
does  not  combine  well  with  a trigger  policy.  Therefore,  a 
full  count  Inventory  policy  was  chosen. 

Development  of  Mathematical  Model 

Since  we  have  already  decided  to  inventory  all  of  the  stock 
before  receipt  of  a new  procurement,  the  only  decision  left 
Is  the  number  of  procurement  cycles  between  Inventories.  This 
Is  calculated  by  computing  the  expected  cost  per  procurement 


* Physical  Inventory  Decision  Model,  P.  ^49 
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Where  is  the  pi  oLab.i  11  ty  of  expei'ionclng  a denial  or  locator 
reconciliation  inva/ntory  X procurement  c.vcles  after  an  Inventory. 
Thus,  if  an  item  is  in  state  X,  the  orobability  of  going  to  state 
one  during  the  next  procurement  cycle  is  P<^ ^ and  the  probability 
of  going  to  state  X + 1 is  1 'Piiis  holds  unless  the  item 

is  in  state  n,  in  which  case  the^probability  of  going  to  state 
one  during  the  next  procurement  cycle  is  one.  A vector  which 
gives  the  probabiiJty  of  being  in  each  of  the  states  at  a 
specific  time  is  known  as  a state  vector.  For  example,  if 

“(tTi/ j TTj j,  • • ■ jTli^j)  is  the  state  vector  for  cycle  i,  the 
probability  of  being  in  state  1 is  TT'^i , the  probability  of 
being  in  state  2 is  > etc.  The  state  vector  for  cycle  i + 1 
(TTTti)  is  then  given  by 


pjj,  o 

FJj  O O ' o 


1 O 


o "-l-PJ 
o •••  0 


- : .*•••  I-  i -le  ryLto..  .,'cM‘to  out  'n,  ti  e probability  ol 

i loi  Ir  ,■  ic-ular  rtato  r.irjulc]  be  nc-arlv  i coiiota.ot  after  the 

r-jr'  ;;  bi;  exiil'-o  for  a long  reri«  o of  tir.o,  Tnerc  steady  state 
p'.o -.Ml  I'.ios  cur.  bo  obtuii'.od  by  solving  this  system  of  equations: 

( J , TTj  j * * * ) '^n  } " ( 1 * • • > 

plus  the  additional  constraint  If,  - 2 

N,  /V,  n)  t . . . t 7)7,  ^777 

(i-iVjTT,  = r/;, 

a-/’,/;/  nr 


TTi  -r  rr^  t ■ 


--K 


+ IT„  = } 


» 

4 

)/[h{i  '7.1J+(hNXr  , Mh 7Jjli-7,yJ..,ii  jj 

Since  this  is  a very  complicated  expression,  it  was  assumed  that 
the  probability  of  a denial  or  locator  reconciliation  Inventory 
is  the  same  for  every  procurement  cycle  (Pd]^  = Pd2  = . . . = Pd  ) . 
^bis  implies  that  the  distribution  lor  negative  errors  is  th^  same 
for  every  procurement  cycle.  This  is  not  exactly  true.  However 
it  serves  as  a first  order  approxlF'at'’o.n  of  the  Information  gained 
from  the  lack  of  a denial.  The  state  probabilities  are  then  given 

= /’/[i -d-p)"] 


(i-rr‘r/[i-(i-  rf] 
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'J'o  dotei'in ' ni.  P,  the  probfiL  1 li  ty  oV  '•  ana  locator  recon- 

r.' nation  inventory  maot  bo  detenu' neci.  The  ii-^c  ba,bll ity  of  a 
dental  In  the  p’'obatllity  tha'.  deiuands  plan  error  is  greater 
than  the  rr.c-an  Icadtinie  demand  plus  safety  level  wnile  the  de- 
mands themselves  are  less  than  or  equal  to  the  mean  lead  time 
demand  plus  safety  level: 

Prob  ( X + Y > u + Sl| X c u + SL) 

X - demands 

Y • error 

u ■ mean  leadtim.e  dem.and 
SL  “ safety  level 

The  distribution  of  demand  plus  error  is  given  by  the  convolution 
of  the  distribution  of  demands  and  the  distribution  of  error.  The 
distribution  of  demands  is: 


where  u « mean  leadtime  demand 

<7  - standard  deviation  of  demand  over  leadtime 

The  distribution  of  error  is  the  portion  of  the  error  distribution 
for  positive  errors: 

where  N = number  of  requisitions  and  receipts  per  pro- 
curem.ent  cycle.  The  distribution  desired  is  the  distribution  of 
Z = X-  Y=X  + (-Y)  . The  distribution  of  - Y is  f(-Y)  y>o^ 

Thus  the  distribution  of  demand  plus  error,  given  demand  is  ] e'is  ^ ’ 
than  or  equal  to  mean  leadtime  demand  plus  safety  level, is  : 


2(0- 


r / 

-I  ljy_ 


At  3 A - 


The  probability  of  a denial  Is  then  the  probability  that  the 
convolution  of  demands  plus  error  Is  greater  'than  mean  lead- 
time  demand  plus  safety  level. 


? '‘cb  ( J^liial)  ~ f ^lE)di 


ilo-+  nfiA, 


tfj  - 


•HQ  DLA  Guidance  for  Implementation  of  Time-weighted  Esse.ot ially- 
welghted  Requisitions  Short  Variable  Safety  Level. 
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The  pi-obablljty  of  a locator  reconciliation  Inventory  v.ould  be 
much  more  difficult  to  calculate  from  item  characteristics.  As 
mentioned  earlier,  inventories  can  be  tr.lg^er’cd  by  either  of  tvo 
kinds  of  mlsmatcher,  balance  - no  location  or  location  - no 
balance.  The  probability  of  helnR  in  elthoj-  of  these  positions 
when  the  locator  reconciliation  program  is  run  would  be  difficult 
to  calculate.  These  mismatches  can  also  be  caused  by  the  failure 
to  cancel  a location  or  the  canceling  of  a wrong  location.  Even 
after  the  mismatches  arc  determined,  only  a portion  are  normally 
Inventoried  and  this  depends  on  the  workload  in  other  areas  as 
well  as  the  number  of  mismatches. 


Because  of  all  these  complications,  the  probability  of  a locator 
reconciliation  inventory  was  estimated  by  dividing  the  number  of 
locator  reconciliation  inventories  during  a thirteen-month  period 
by  the  number  of  iceceipts  due  to  new  procurements.  The  value  used 
as  the  probability  of  an  unscheduled  Inventory  is  then  the  sum  of 
the  probability  of  a denial  and  the  probability  of  a location  re- 
conciliation Inventory. 

The  costs  included  in  the  model  are  holding,  denial,  backorder, 
and  inventory  costs.  The  number  of  backorders  experienced  in  a 
procurement  cycle  are  effected  by  both  negative  and  positive 
errors.  Negative  errors  (overstating  the  stock  position)  cause 
the  procurement  to  be  made  late  which  leads  to  increased  pro- 
babilities of  backorders  and  warehouse  denials.  Since  we  have 
already  decided  to  Inventory  before  the  receipt  of  a new  pro- 
curement, the  Inventory  occurs  too  late  to  prevent  late  buys. 
Therefore,  no  effect  from  the  Inventory  will  be  noticed  during 
the  procurement  cycle  in  which  the  inventory  is  taken.  Also, 
since  we  have  assumed  that  the  probability  and  size  of  negative 
errors  do  not  change  from  procurement  cycle  to  procurement  cycle, 
the  Increase  in  backorders  does  not  change  from  procurement 
cycle  to  procurement  cycle.  Therefore,  the  effect  of  increased 
backorders  due  to  late  procurements  is  unaffected  by  the  number 
of  procurement  cycles  between  inventories  and  can  be  left  out 
of  the  model. 


The  probability  and  size  of  positive  errors  (understating  the 
stock  position)  do  change  from  procurement  cycle  to  procurement 
cycle,  however.  The  size  of  the  positive  error  does  not  effect 
backorders,  though,  unless  an  Inventory  is  taken.  Otherwise,  the 
ICP  will  backorder  requisitions,  not  knowing  that  the  assets  are 
available  at  the  depot.  During  the  procurement  cycle  In  which 
the  stock  Is  inventoried,  however,  backorders  are  reduced.  The 
effect  of  inventorying  an  item  with  a positive  error  is  the  same 


UE  1 iir;<  i.ar .1  ng  It'*,  reofdi.'r"  i*Glnl'.  or  .;afoty  I',  /*,!. 

'ihfc  expc-cted  backoi'dei'E  v;hon  ordering  at  i gro-ater  as^ot  pcrition 
than  the  reorder  point  la  computed  as  follov.-s: 

/u  - r -Y)  j,  (^1  - 9xp(~%P^jj 

= J'(i  - a y 

where  the  reorder  point  Is  r.  This  computation  is  tlie  same  as 
the  one  contained  in  the  computation  of  expected  backorders  for 
the  vai-inble  safety  level,  'fhe  expected  backorders  v.-hea  stock 
position  is  understated  is  computed  by  integrating  over  all 
positive  eri'ors , I.e. ; / /■)  n / .rr/a  v , 

E(3.  ) ^ exp 

= e H Q s rrr) 

where  M - requisitions  and  receipts  since  last  inventory 
Q - order  quantity 
S « average  requisition  quantity. 

Thus,  inventorying  an  item  results  in  savings  due  to  decreased 
backorders  in  the  procurement  cycle  in  which  the  inventory  is 
taken.  The  amount  of  savings  is  the  difference  between  the 
expected  backorders  when  a positive  error  exists  and  the  ex- 
pected backorders  when  no  error  exists  integrated  over  all 
possible  errors  ana  is  realized  during  the  procurement  cycle 
in  which  the  inventory  is  taken. 

Holding  cost  is  another  cost  included  in  the  mathematical  model. 
Since  the  probability  distribution  for,negatlve  errors  is 
assumed  constant  from  procurement  cycle  to  procurement  cycle, 
the  decreased  holding  costs  due  to  overstating  the  stock  posi- 
tion is  independent  of  how  often  the  item  is  inventoried  and  can 
be  ignored.  The  increased  holding  costs  due  to  understating  the 
stock  position,  however,  tend  to  grow  and  are  greatest  in  the 
procurement  cycle  in  which  the  inventory  is  taken.  The  increase 
in  stock  due  to  positive  errors  is  given  by: 

expi^'^j  c/Y 

The  increase  in  holding  cost  is  obtained  by  multiplying  by  the 
unit  price,  holding  cost  rate,  and  years  per  procurement  cycle. 


= (L~  *)(l  ac  q/aO 
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where  AO  - unnuo.1  domuiid 

a - holding  cost.  I'ate 
c « unit  price. 

Since  the  holding  costs  vary  froni  p"OGuroi .ent  cycle  to  procurement 
cycl(?,  this  cost  must  be  multiplied  by  the  probability  of  being 
in  a particular  state.  Thus,  the  total  increase  in  holding  cost 
incurred  under  a policy  cf  inventorying  an  item  every  n cycles  is: 

a c PQ  f'  (i- ( I - r'ft' 

AO(l-U-P)''j  fr, 

Q 

where  s' ^ “ number  of  requisitions  and  receipts  per  procurement 
cycle . 

is  left  in  the  summation  because  it  varies  from  procurement 
cycle  to  procurement  cycle. 

The  total  cost  expression  Is  then; 


K - f’(l-pr  ‘ cjp-  Gl  + Ci  t (;-c<)(/-r'^)(raJ  (T 

' I- (i-er  ^ h 


,0-^icupQ^  y u-py  j/o 

AD(i-ii-prl  ,T, 


and 


Where  cost  of  processing  a warehouse  denial, 

= cost  of  inventorying  stock, 

G » probability  of  a location  reconciliation  Inventory, 
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] t can  be  seen  th£it  the  v/hole  system  of  correcting  errors, 
f-ent'rat  J ng  errors,  and  the  associated  costs  is  very  compiler. t ed . 
Tri  dovolcplni;  the  mai  homatl  cal  mode]  of  the  system,  an  attempt 
was  made  to  .'.riclvide  all  sli;jnj  f ] cant  costs.  Naturally,  .many  cost.s 
and  aspects  of  this  system  had  to  be  Ignored.  A3  though  many  of 
the  co.'sts  v.dilch  were  Ignored  and  other  assurr.ptioas  used  in 
developing  tl.e  model  are  obvious,  they  sliould  be  stated  because 
of  their  impoi'tance. 

Probably  the  most  obvious  assumption  is  that  the  probabl^^ity 
distribution  of  negative  errors  does  not  change  from  procurement 
cycle  to  procurement  cycle.  This  assumption  not  only  simplifies 
the  computation  of  being  in  a particular  state  but  greatly 
.simplifies  the  computation  of  backorder,  holding  and  denial 
costs.  Partial  Justification  for  this  a.ssumption  will  be  pro- 
vided in  the  discussion  on  data  collection  and  analysis. 

Another  major  assumiptlon  is  that  each  ICP  uses  only  one  depot 
to  store  its  stock.  This  simplification  means  that  the  in- 
creased costs  due  to  mlsallocating  stocks  among  the  depots 
is  not  considered.  It  also  means  that  denial  co.sts  do  not 
include  delays  in  orocesslng  Mi:Os.  These  occur  when  the  depot 
searches  for  an  item  for  a period  of  time  and  then  denies  it 
while  another  depot  has  the  stock.  This  assumption  also  affects 
the  calculation  of  backorder  costs. 

Other  assumptions  which  were  made  in  developing  the  math  model 
include : 

(1)  increased  procurement  costs  are  negligible. 

(2)  increased  disposal  costs  are  negligible. 

(3)  the  effect  of  control  levels  is  negligible. 

(4)  errors  are  distributed  with  an  exponential  type 
distribution . 

(5)  denials  can  be  eliminated  during  the  procurement  cycle 
in  which  the  item  is  inventoried. 

This  last  assumption  is  Included  in  the  model  by  counting  the 
denial  costs  as  a savings  in  the  inventoried  procurement  cycle. 

Data  Collection  and  Analysis 

Now  that  the  mathematical  model  of  the  inventory  system  has  been 
developed,  the  parameters  of  the  distribution  for  record  errors 
must  be  estimated.  The  data  used  to  estimate  these  parameters 
was  obtained  from  24  months  of  history  on  317  items.  The  number 
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or  *,  V ct. J oii;i  'Ui'!  rtrcf'lj.Ls  v;tre  rccorac  l l.otween  1ti vent.oriey 
o.‘  bf  t.v  .Oil  donlfiTu  'ml  j n vontoi- lei. , Also,  i.hc  amount  received 
••uid  .]u ' r.  Itloned  f.nd  the  gains  and  losses  v.'ere  recorded.  The.oe 
dl?  It '.r ’.a  provided  d06  observations  of  which  110  v/ere  gains,  88 
\ievv  lii.ise.s  and  188  had  no  adjustments. 


The  probability  of  not  hcivlng  an  error  on  a transaction,  T,  was 
estlm-’ted  by  minimizing  tb.e  expression 

where  = number  of  transactions 

r^  =/l,lf  there  was  no  adjustment 
|o,  if  tliors  was  an  adjustment 

_ 1 - the  index  of  observations  from  the  sample. 

rr  (T^'-r‘) 

is  the  sum  of  squares  between  the  predicted  pro- 
bability of  erroi’  and  whether  the  item  actually  experienced  an 
error.  The  estimated  value  of  T was  .9^77. 


The  zero  adjustments  were  then  proportioned  among  the  gains  and 
losses  and  regression  analysis  was  used  to  estimate  and  ^ . The 
regression  to  determine  0 was  between  gains  and  the  average'' of 
amount  requisitioned  and  amount  received, and  is  given  by: 

0 = 19.16A2  + .022(R) 

O 

where  R = avei-age  of  amount  requisitioned  and  amount  received. 

The  regression  to  determine  was  between  losses  and  the  average  ' 
of  amount  requlsicloned  and  amount  received  divided  by  number  of 
receipts  plus  1,  and  is  given  by: 

fll  = 25.^617  + 


where  r = number  of  receipts  from  new  procurements. 

The  average  of  amount  requisitioned  and  amount  received  divided  by 
number  of  receipts  plus  1 was  used  to  estimate  the  amount  of 
activity  per  procurement  cycle. 

It  was  significant  that  the  correlation  between  losses,  and 
average  of  quantity  received  and  requisitioned  per  procurement 
cycle  is  greater  than  the  correlation  between  losses,  and 


173 


avf.)M"e  oC  total  quantity  received  and  requinltioned . Thiu  serves 
as  partial  j ustii’lcatlc  n Toi-  assu;:;inf!;  that  the  probability  ciis- 
trlbutlon  docs  not  chan;5e  from  pi'oeurement  cycle  to  procurement 
cycU-  since  it  is  more  useful  to  know  the  amount  received  and 
reqnir Itioncd  per  procurement  cycle  than  to  know  the  total  amount 
received  and  requisitioned  In  estimating  the  probability  distribu- 
tion of  the  Inventory  losses  (negative  error). 

The  probability  distribution  to  be  used  in  the  model  then  becomes: 

jy  ( 1 - .9^77^)  exp  I zX i x><? 

2\i£l7  r ,OiS^-Q  * 

= - QXpl I ) )(<0 

1'iAi‘fI  -h  ,OX2!Q  H Z -h  ,Ol2i  Ql 

where  Q = order  quantity 

1 » number  of  procurement  cycles  since  the  last  Inventory. 

This  distribution  was  then  tested  with  the  sample  for  goodness  of 
fit.  The  distribution  failed  the  Chi-square  goodness  of  fit  test. 
However,  a graph  of  the  errors  predicted  by  the  distribution  and 
those  experienced  by  the  sample  show  good  agreement  ^or  no  errors 
and  for  large  errors  as  Illustrated  in  figure  III.  bince  these 
are  the  most  significant  regions,  use  of  the  distribution  will 
probably  not  bias  the  results  significantly. 

Results 

The  mathematical  model  was  solved  by  the  method  of  forward  dif- 
ferences. The  model  is  assumed  to  be  concave,  so  the  number  of 
procurement  cycles  between  Inventories  is  incremented  by  one  until 
the  cost  increases.  As  it  turns  out,  -this  Is  an  efficient  method 
of  optimizing  the  model  due  to  the  large  number  of  cases  in  which 
the  optimal  solution  is  to  Inventory  every  procurement  cycle. 

Also,  most  of  the  computations  do  not  have  to  be  repeated  when  n 
Is  incremented.  This  optimization  is  done  for  many  sets  of  pa- 
rameters in  the  model  so  that  a matrix  Is  formed.  The  optimal 
number  of  procurement  cycles  between  inventories  for  a particular 
Item  is  then  determined  from  a table  lookup  routine. 

Results  from  the  math  model  Indicate  that  the  number  of  Inven- 
tories which  will  be  required  will  increase.  Due  to  the  reluctance 
to  assign  additional  resources  to  support  functions  such  as  phys- 
ical Inventory  and  due  to  the  many  assumptions  Involved  In  de- 
veloping the  math  model,  It  was  felt  that  a simulation  should  be 
used  to  verify  the  robustness  of  some  of  the  assumptions. 
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1 


Thf  IimmIc'i  1 1 '111  j c'loiior  to  tho  t-f.'iJ  world  bccauro  cV  tbo  rolo^vl:.- 
propcrl  ! fja : 

(1)  no  asoumption  io  made  about  the  probablliov  dJ stril  ution 
for  nepattvo  crrorr.  not  clianging  from  procurement  c;,  do  to  pro- 
curement cycle. 

(2)  procurement  costs  are  Included. 

(3)  the  exponential  type  of  distribution  is  not  used. 

(^t)  denials  can  occur  before 'or  after  an  invent  ory  is 
conducted . 

ITie  error  generating  process  in  the  simulation  assumes  that  lor 
each  requisition  and  receipt  there  is  a probability  of  eri’or  v.'hlch 
is  a percentage  of  the  requisition  and  receipt.  By  choosing  the 
probabilities  and  percentages,  the  error  generating  process  pro- 
duced errors  which  were  much  closer  to  the  sample  ttian  the 
probability  distribution  as  illustrated  in  figure  IV.  The 
simulation  simulates  the  activity  of  one  item  at  a time.  Six 
items  were  chosen  for  modeling  in  the  simulation  based  on  their 
wide  range  of  unit  prices.  This  item  characteristic  seems  to 
be  tr.e  dominant  factor  in  the  math  model.  Results,  so  far,  from 
the  simulation  tend  to  support  the  optimal  inventory  policy  de- 
rived from  the  iriath  model. 

Conclusion 

Preliminary  results  from  the  math  model  and  simulation  indicate 
that  more  resources  should  be  used  in  inventorying  stock.  The 
current  level  of  effort  w^s  probably  set  without  relating  it 
concretely  to  the  increased  costs  incurred  from  record  errors. 

By  relating  physical  inventories  to  reduced  costs  and  by  timing 
the  physical  inventories  so  that  accurate  records  can  be  obtained 
at  a critical  point  in  the  procurement  cycle,  substantial  savings 
should  be  realized.  Therefore,  based  on  the  results  of  this  study, 

I anticipate  recommending  a trigger  policy  for  physical  Inventories 
with  a predetermined  number  of  procurement  cycles  between  inventories. 
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AN  ANALYSIS  OF  THE  SUBSISTENCE 
QUALITY  SYSTEMS  AUDIT  PROGRAM 

by  Major  John  Caso 


I . INTRODUCTION 

The  purpose  of  this  analysis  was  to  evaluate  the  effectiveness  of 
the  Defense  Logistics  Agency  (DLA)  Quality  Systems  Audit  Program  (QSAP) 
and  to  investigate  recommendations  for  improvement  of  the  program  if 
appropriate. 

DLA  Regulation  4155.2,  "Quality  Systems  Audit  Program,"  defines 
the  purpose  of  the  program  in  paragraph  III.  "QSAP  is  a HQ  DLA  directed 
program  developed  to  provide  timely  management  information  on  the  quality 
of  items  entering  the  DLA  supply  system.  Through  its  systems  audit  tech- 
niques, QSAP  will  provide  management  a means  of  determining  and  evaluating 
the  effectiveness  of  the  DLA  Quality  and  Rel iabi 1 ity  Assurance  Program." 

The  actual  analysis  in  this  paper  involved  little  investigation 
into  the  actual  mechanics  of  the  current  QSAP  but  rather  focused  efforts 
to  determine  what  the  requirements  of  such  a program  would  be  to  success- 
fully achieve  the  stated  objective. 

The  requirements  determined  by  this  analysis  were  stated  in  purely 
statistical  terms  and  little  consideration  was  given  to  subjective  bene- 
fits which  were  not  quantifiaole. 

While  specific  comments  and  subsequent  recommendations  were 
directed  toward  the  QSAP  for  the  Subsistence  Commodity,  the  recommenda- 
tions could  be  applied  to  other  commodities  QSAP's  with  slight  modifi- 
cations. Additionally,  an  attempt  was  made  to  expand  discussion  of 
certain  aspects  of  the  origin  and  audit  inspection  processes  to  provide 
clarification  of  these  aspects  to  interested  individuals  who  are  not 
statistically  oriented.  This  explanation  will  hopefully  prove  to  be  a 
beneficial  secondary  purpose  of  this  paoer.  Statistics  and  mathematical 
formulations  of  a more  complicated  nature  are  included  as  appendices  to 
this  paper  for  the  interested  reader  but  are  not  necessary  for  a basic 
understanding  of  the  recommendations. 

I I . PRESENT  SUBSISTENCE  QSAP 

The  objectives  of  the  QSAP  as  defined  by  DLAR  4155.2  are  further 
defined  in  the  standard  operating  procedures.  Sec.  3.2.2  states  that 
"the  DLA  Quality  Audit  was  established  to  provide  a measure  of  the  quality 
effectiveness  of  the  total  DLA  procurement  operation."  To  use  this 
measure  as  a management  tool  we  must  have  some  relative  degree  of  con- 
fidence in  the  measure.  The  measure,  as  defined,  should  be  a statistically 
accurate  estimate  of  the  quality  of  material  entering  our  system.  In 
other  words;  how  much  nonconforming  material  is  getting  by  the  origin 
inspection  process? 


^ ITSCfiDIr.'O  PaGB  BLaJK-NCT  FILIjED 


Table  1 presents  a breakdown  of  subsistence  items  into  relatively 
homogeneous  groups  with  respect  to  the  inspection  processes  involved. 

The  chart  indicates  that  only  three  of  the  ten  groupings  of  perish- 
able subsistence  items  are  currently  being  audited.  This  fact  by  itself 
may  not  be  a problem  if  a determination  had  been  made  that  these  three 
groups  were  the  only  ones  of  interest. 

Table  2 presents  a summary  of  nonperishable  audits  for  the  July 
through  September  time  period. 

A review  of  the  data  of  Tables  1,  2 and  3 provides  positive  indi- 
cation that  the  subsistence  quality  audit  program  is  not  meeting  the 
defined  objective.  The  sample  sizes  are  too  small  when  matched  against 
the  groupings  of  Table  1 - and  the  coverage  of  the  sample  selections  does 
not  appear  to  be  broad  enough  to  insure  a random  sample.  The  apparent 
lack  of  a systematic  approach  to  accurately  estimate  the  quality  of  the 
material  entering  the  system  is  evidenced  by  the  noticeable  absence  of 
any  such  estimate.  In  other  words,  no  management  action  can  be  confidently 
based  on  the  results  of  the  information  which  is  provided. 

The  problem  also  appears  to  be  compounded  by  the  use  of  the  QSAP 
to  effect  warranty  actions.  The  program  does  not  appear  to  have  been 
designed  for  this  purpose.  Rather  it  was  instituted  as  a check  on  the 
origin  inspection  process.  The  efforts  associated  with  these  warranty 
actions,  such  as  special  audits,  do  not  appear  to  be  justified  in  terms 
of  the  value  returned  from  the  warranty  process.  These  special  audits 
also  have  a deleterious  effect  of  diverting  audit  inspection  resources 
from  the  primary  objective. 

At  the  present  time  it  does  not  appear  that  the  QSAP  is  effective 
in  meeting  the  defined  objectives  of  the  program.  The  only  possible 
beneficial  effect  arises  simply  as  a result  of  the  existence  of  the  program. 
The  fact  that  both  the  vendors  and  origin  inspectors  realize  that  some 
additional  check  could  be  made  will  provide  some  positive  benefits.  There 
does  not  exist,  however,  any  statistically  accurate  estimate  of  the  quality 
of  material  which  could  be  used  as  a basis  for  management  actions. 

The  remainder  of  this  paper  is  performed  assuming  that  the  above 
stated  premise  is  true.  The  following  sections  will  provide  a theoreti- 
cal basis  for  establishment  of  a system  that  will  meet  the  defined  ob- 
jective and  the  appropriate  recommendations  for  implementation  of  this 
system  to  the  subsistence  environment. 

III.  VENDOR  PHILOSOPHY 

In  order  to  estimate  the  exact  nature  of  the  quality  of  goods  enter- 
ing the  supoly  system,  it  is  necessary  to  have  some  idea  of  the  quality  of 
goods  being  presented  for  origin  inspection.  This  is  also  necessary  to 
accurately  evaluate  the  performance  of  the  origin  inspection  process 
itself.  An  important  example  to  keep  in  mind  throughout  the  remainder  of 
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TABLE  1 


1 


SUBSISTENCE  GROUPS  AND  SUB-GROUPS 
PERISHABLES 


CHILLED 

Fruits  and  Vegetables 
Meats  (Red) 

Poultry 
Seafood 
Dai  ry 


FROZEN 

Fruits  and  Vegetables 
Meats  (Red)  V 

Poultry  1/ 

Seafood  V 

Da  i ry 


FRUITS  AND  VEGETABLES 
Canned 

Dried  (Bagged  or  Boxed) 


NONPERISHABLES  2/ 
FARINACEOUS 
Canned 

Bagged  or  Boxed 


MEATS  CONDIMENTS  { 

Canned  Canned  I 

Dry  (Bagged 
or  Boxed) 


y Perishables  being  audited. 

i 

2/  All  nonperishable  are  susceptible  to  being  audited.  Most  performed 
on  Fruits,  Vegetables  and  Farinaceous  products. 


SOURCE: 

. 


DPSC-ST 
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TABLE  2 

NONPERISHABLE 

AUDITS  1 JULY 

76  - 

30  SEPTEMBER  76 

JUL 

AUG 

SEP 

AVG. 

ANNUAL* 

Mechanicsburg 

9 

6 

6 

7 

84 

Memphis 

11 

8 

14 

11 

132 

Tracy 

_4 

_3 

3.3 

40 

TOTALS 

24 

17 

23 

21.3 

256 

* Estimate  Projected  from  July  - September  data. 


TABLE  3 

PERISHABLE  AUDITS  I JULY  76  - 30  SEPTEMBER  76 


Fort  Braqg 
Fort  Carson 
Fort  Lewis 
Fort  Campbell 
Fort  Hood 
Fort  Ord 
Kansas  City 
Bayonne 
NSC  Norfolk 
TOTALS 


JULY 

6 

4 

12 

8 

0 

2 

1 


33 


AUG 

6 

7 

12 

2 


32 


Average  per  month  33.3  Annual  *400 
**  Discounted  as  audit  site 

* Estimate  projected  from  July  - September  data. 


SEP 

2 

12 


3 

4 

5 
_9 
35 
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this  paper  is  the  following;  Suppose  an  acceptance  sampling  plan  is 
designed  to  accept  lots  which  are  "bad"  lOX  of  the  time.  If  the  vendor 
presents  material  which  is  bad  50%  of  the  time,  then  5%  (.1)X(.5)  would 
get  through.  Audit  inspection  would  show  a 5%  rate  of  nonconforming 
material  entering  the  system.  Similarly,  if  another  vendor  presents  "bad" 
material  10%  of  the  time,  the  audit  would  only  indicate  a 1%  rate  of  non- 
conforming  material  entering  the  system.  Both  inspectors  would  be  per- 
forming their  function  in  exactly  the  same  manner  and  should  be  rated 
equal ly . 

Exactly  why  bad  material  is  ever  accepted  and  the  need  for  sampling 
will  be  discussed  later. 

We  will  assume  that  the  vendor  is  basically  an  honest  person  in 
business  to  maximize  profit  on  both  a long  and  short  run  basis.  Consider 
a vendor  who  is  in  constant  business  with  the  government.  Over  a period 
of  time  many  lots  or  batches  of  his  product  will  be  presented  for  inspec- 
tion. The  vendor  is  aware  of  our  acceptance  sampling  plan  and  has  been 
given  an  acceptable  quality  level  (AQL)  to  comply  with  respect  to  the 
product  being  supplied.  The  effect  of  using  a sampling  plan  for  acceptance 
inspection  is  in  general  to  force  the  vendor  to  submit  product  of  such  a 
quality  that  a small  percentage  of  submitted  inspection  lots  is  rejected. 

If  he  submits  products  of  very  low  quality,  many  inspection  lots  are  re- 
jected. If  he  submits  product  of  extremely  high  quality,  he  may  be  in- 
curring higher  production  costs  than  are  necessary  in  order  that  the  great 
bulk  of  the  product  may  be  accepted.  Just  what  quality  it  pays  him  to 
submit  depends,  of  course,  on  his  circumstances.  There  are  many  chance 
variations  of  quality  and  these  would  probably  be  normally  distributed 
around  the  AQL.  Besides  chance  variations  in  quality,  however,  there  are 
variations  produced  by  "assignable  causes."  For  the  most  part,  assignable 
cause  consist  of; 

Differences  among  machines 

Differences  among  workers 

Differences  among  materials 

Differences  in  each  of  these  factors  over  time 

Differences  in  their  relationships  to  one  another 

These  "assignable  causes"  are  within  the  power  of  the  vendor  to  control 
to  a certain  extent.  In  trying  to  exactly  produce  material  to  the  AQL 
standard,  the  vendor  realizes  some  will  be  above  and  some  will  be  below. 
Each  variation  from  the  AQL  has  some  binomial  probability  associated  with 
it  that  the  lot  will  either  be  accepted  or  rejected.  The  control  of  these 
"assignable  causes"  can  be  translated  into  cost  to  the  vendor.  The  vendor 
knows  that  for  each  degree  of  control  there  is  an  associated  probability 
of  lot  rejection  which  he  learns  by  experience.  The  vendor  must  view  this 
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experience  in  terms  of  the  presentation  of  many  lots  for  inspection  over 
a period  of  time.  This  fact,  and  the  fact  that  his  control  over  the 
"assignable  causes"  to  reduce  his  probability  of  rejection,  results  in 
a distribution  of  rejection  rates  skev^ed  drastically  to  the  right  having 
much  similarity  to  a Beta  distribution.  The  mathematical  accuracy  of 
this  statement  is  proven  in  Appendix  1.  For  the  purposes  of  this  dis- 
cussion we  will  assume  that  the  vendor  can  afford  to  have  one  lot  in  ten 
(10%)  rejected  but  he  wants  a very  low  probability  of  greater  than  10%  re-  S 

jection  rate.  Figure  1 is  the  graph  of  such  a probability  distribution. 

It  has  an  expected  value  of  .1  and  a mode  (most  frequent)  of  .0555.  (See 
Appendix  2).  Since  the  area  under  the  curve  represents  the  vendors  re- 
jection rate,  it  is  obvious  that  most  of  the  area  is  between  0 and  .2.  This 
means  that  the  vendor  will  have  a very  low  probability  of  having  more  then 
2 out  of  ten  lots  rejected. 

i 

This  distribution  and  the  associated  statistics  will  be  important  in  1 

a derivation  of  the  expected  rejection  rate  for  the  origin  inspection  ,j 

process.  ; 

IV.  ORIGIN  INSPECTION 

Military  Standard  1050  "Sampling  Procedures  and  Tables  for  Inspection 
by  Attributes"  outlines  the  acceptance  sampling  plan  for  most  subsistence 
items.  This  document  is  normally  referenced  in  the  contract  with  the  vendor. 

It  should  be  pointed  out  that  the  purpose  of  acceptance  sampling  is 
to  determine  a course  of  action  (i.e.,  accept  or  reject),  not  to  estimate 
lot  quality.  Acceptance  sampling  prescribes  a procedure  that,  if  applied 
to  a series  of  lots,  will  give  a specified  risk  of  accepting  lots  of  given 
quality.  If  the  lots  are  all  of  the  same  quality,  acceptance  sampling  will 
accept  some  and  reject  others,  and  the  accepted  lots  will  be  no  better  than 
the  rejected  lots.  If  lots  differ  in  quality,  the  sampling  plan  will  accept 
the  good  lots  more  frequently  than  it  will  the  bad  lots  and  in  this  way 
"average  up"  the  quality  of  accepted  material. 

Acceptance  sampling  is  used  when  the  cost  of  inspection  is  high  and 
the  loss  arising  from  passing  a defective  lot  is  not  high  and/or  when  the 
inspection  is  destructive. 

Military  Standard  1050  outlines  such  an  acceptance  sampling  plan. 

The  AQL  is  the  driving  factor  of  this  plan.  There  are  advantages  and  dis- 
advantages to  this  approach,  Linder  this  plan  all  vendors  of  the  same 
product  have  the  same  AQL.  If  the  AQL  is  the  same  for  different  vendors 
of  the  same  product,  they  are  all  likely  to  operate  at  much  the  same 
quality  level,  since  the  AQL  defines  a quality  at  which  rejections  are  low 
(5%)  and  since  suppliers  of  the  same  product  are  likely  to  be  industrially 
similar.  This  premise  supports  the  assumptions  of  the  orovious  section. 

The  pressures  on  the  suppliers  depend  to  some  extent  on  the  amount  of 
inspection  per  inspection  lot.  If  the  amount  of  inspection  per  inspection 
lot  is  small,  the  vendor  will  find  that  a slight  decrease  in  the  quality 
of  product  submitted  will  increase  rejections  only  moderately;  whereas,  if 
the  amount  of  inspection  per  inspection  lot  is  large,  the  same  decrease  in 
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quality  will  increase  rejections  sharply.  This  is  a result  of  poorly 
discriminating  OC  curves  resulting  from  small  sample  sizes.  In  connection 
with  the  discussion  of  AQL,  it  is  important  to  point  out  the  fallacy  of  a 
popular  misconception  concerning  these  OC  curves.  The  vendor  risks  and 
consumer  risk  associated  with  the  MIL-STD  1050  sampling  plans  are  commonly 
believed  to  be  5%  and  10%  respectively.  That  is  the  plans  will  reject 
good  lots  5%  of  the  time  and  accept  bad  lots  10%  of  the  time.  This  state- 
ment is  not  completely  accurate.  The  vendor  risk  varies  considerably  from 
one  plan  to  another  in  the  Military  Standard.  When  the  sample  is  large, 
the  vendor  risk  may  be  small  as  1%;  when  the  sample  is  small,  this  risk  may 
be  as  high  as  20%.  This  means  that  the  vendor  is  made  to  share  in  the 
risk  associated  with  small  sample  sizes  and  poorly  discriminating  OC 
curves.  The  consumer  risk  can  be  set  at  10%  simply  by  definition.  How- 
ever, the  quality  of  the  material  which  is  accepted  at  the  10%  level  by 
the  Military  Standard  varies  considerably  from  one  sampling  plan  to 
another.  Table  4 presents  examples  of  this  situation  for  an  AQL  of  4% 
for  a single  sampling  plan.  Lot  Tolerance  Percent  Defective  (LTPD)  is 
defined  as  the  highest  percent  defective  material  which  will  be  accepted 
10%  of  the  time  (consumer  risk). 

This  background  concerning  origin  inspection  is  provided  to  reem- 
phasize the  difficulty  involved  in  determining  the  extent  of  nonconforming 
material  entering  the  system.  It  is  necessary  to  establish  some  procedures 
to  accurately  test  the  following  hypothesis:  Is  the  origin  inspection 
rejection  rate  equal  to  a function  of  the  audit  inspection  rejection  rate 
(i  .e.  , Ho:p-|  = F(pi)  ).  Remember  that  the  example  of  Section  3 indicated 
that  a high  or  low  origin  inspection  rejection  rate  could  not  be  considered 
good  or  bad  in  itself  but  must  be  viewed  relative  to  the  quality  of  the 
material  being  presented.  The  previous  hypothesis  will  be  explored  in 
more  detail  in  the  next  section. 

V . AUDIT  INSPECTION 

There  are  two  problems  that  must  be  solved  in  order  to  establish 
procedures  that  will  meet  the  objectives  of  the  Quality  Systems  Audit 
Program. 

A.  A sampling  plan  must  be  established  which  will  accurately 
estimate  the  quality  of  the  material  entering  the  system  and; 

B.  Once  the  estimate  is  establ i shed, there  must  be  a method  avail- 
able by  which  the  effectiveness  of  the  origin  inspection  can  be  evaluated. 

Development  of  the  quality  estimate  is  the  first  task.  The  previous 
section  on  vendor  philosophy  provides  a basis  for  establishing  this 
estimate.  The  expected  value  (E  (x))  of  the  distribution  is  the  "average" 
number  of  rejections  that  a vendor  can  allow  over  a period  of  time  and 
not  suffer  any  drastic  economic  consequences.  If  the  origin  inspection 
is  perfect,  a certain  portion  of  these  rejectable  lots  will  be  passed 
and  a portion  of  the  acceptable  lots  will  be  rejected.  These  risks  are 
normally  referred  to  as  consumer  and  vendor  risks  respectively  as  stated 


earlier.  While  the  Military  Standard  allows  variance  in  these  risks  with 
respect  to  sample  size,  for  our  purposes  we  will  assume  that  these  risks 
are  constant  on  the  average  and  have  the  following  values: 

A.  Consumer  risk  B = 10% 

B.  Vendor  risk  a = 5% 

If  these  assumptions  are  fairly  accurate,  it  is  possible  to  derive  a 
formula  for  the  expected  origin  rejection  rate  which  is  a function  of  the 
vendors  philosophy  concerning  rejections.  If  X represents  a rejectable 
lot  then; 

E(ORR)  = .05  + .85  (E  (x))  (1 ) 

The  details  of  this  derivation  can  be  found  in  Appendix  3.  The  origin 
rejection  rate  can  be  directly  observed  and  calculated  by  the  following 
formul a : 


ORR  = #Rejections  at  Origin 

total  Inspections  at  Origin  (2) 

This  equation  (2)  combined  with  (1)  will  provide  a relationship  which  can 
be  tested  in  a sampling  plan. 

E (x)  = ORR  - .05 

.85  ' (3) 

The  audit  inspection  will  provide  a sample  designed  to  establish  an 
estimate  of  E (x)  for  testing  the  hypothesis  of  (3).  Testing  of  this 
hypothesis  could  provide  the  following  conclusions: 

A.  E (x)  > ORR  - .05 

.85  . This  would  imply  that  the  origin  inspection 

was  not  effectively  controlling  quality  in  the  intended  manner. 

B.  E (x)  < 0^  - ._05_ 

. This  would  imply  that  the  origin  was  too 
rigid,  rejecting  too  many  lots  that  should  be  accepted. 

C.  E (x)  = ORR  - .05 

.85  . This  case  would  rarely  ever  happen  but  would 

imply  that  inspection  was  perfect. 

0.  E (x)  « ORR  - .05 

.85  . This  case  would  arise  as  a result  of  the 

sampling  tolerances  which  must  be  incorporated  in  the  plan  to  keep  sample 
sizes  manageable.  We  will  only  have  accuracy  to  plus  or  minus  some  pre- 
determined percentage  which  will  provide  a range  for  comparison. 

Case  0 will  become  clearer  from  the  subsequent  discussion  of  sampling  plans. 
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VI.  SAMPLING  PLAN  FOR  AUDIT  INSPECTION 


There  are  many  statistical  tests  available  for  the  purpose  of 
testing  for  differences  between  two  proportions.  The  method  chosen  in 
this  section  is  a form  of  sequential  analysis.  The  reason  for  choosing 
this  method  was  to  attain  a degree  of  accuracy  high  enough  to  generate 
confidence  in  the  decision  while  maintaining  sample  siz^s  at  the  lowest 
possible  level. 

Throughout  this  section  there  will  be  no  reference  made  to  consumer 
or  vendor  risk.  Instead  the  more  commonly  accepted  a and  6 risks  will 
be  used.  These  are  directly  analagous  to  vendor  and  consumer  risks. 

The  a and  e risks  are  directly  related  to  hypothesis  testing  and  are 

defined  as  follows: 

a = probability  of  rejecting  a hypothesis  when  it  is  true. 

S = probability  of  accepting  a hypothesis  when  it  is  false. 

Recall  equation  (3)  of  section  V. 

E (x)  = ORR  - .05 
.85 

where  ORR  = Origin  inspection  rejection  rate.  Realizing  that  a 
portion  of  the  rejectable  lots  are  passed  as  a result  of  the  consumer 
risk  (10%)  we  can  modify  this  equation  so  that  E (x)  = the  expected 
amount  of  nonconforming  lots  entering  the  system.  The  audit  inspection 
rejection  rate  should  closely  approximate  E (x).  Thus, 

E (x)  = (.1)  ORR  - .005 

".85  (1) 

Equation  (1)  will  be  the  hypothesis  we  intend  to  test.  If  in  testing  a 
hypothesis  we  wish  to  decide  in  advance  what  risks  we  are  willing  to 
take  of  rejecting  a true  hypothesis  « or  of  accepting  a false  hypothesis 
6,  our  sample  size  is  determined.  This  assumes,  however,  that  we  are 
going  to  take  a sample  of  this  size  no  matter  what  results  we  obtain  from 
our  first  few  observations.  In  practice  it  is  not  necessary  to  request 
a procedure  which  would  require  more  observations  than  are  necessary  to 
make  a decision.  Sequential  analysis  is  a procedure  which  leads  to  a 
statistical  inference  and  in  which  the  number  of  observations  to  be  made 
is  not  determined  before  the  experiment  is  begun.  The  procedure  indicates 
when  sufficient  observations  have  been  gathered  to  make  our  decisions  with 
the  risks  we  have  chosen.  On  the  average,  fewer  observations  will  be 
required  by  this  procedure,  and  its  use  will  not  increase  the  a and  6 
risks.  For  some  cases  only  half  the  number  of  observations  will  be  required 
on  the  average  for  the  sequential  procedure  as  compared  with  the  number 
required  if  the  sample  size  is  fixed  in  advance. 

This  procedure  of  testing  a hypothesis  can  be  characterized  as 


189 


follows:  Observations  are  taken  one  at  a time.  After  every  observation 
we  decide  to  do  one  of  the  following  three  things; 

A.  Accept  the  hypothesis 


B.  Reject  the  hypothesis 


C.  Make  an  additional  observation 


Suppose  we  wish  to  reject  the  hypothesis  (1)  only  S%  of  the  time 
if  the  audit  rejection  rate  is  (.1)  ORR  - .005 

.85 


This  means  that  we  will  determine  that  the  origin  inspection  process 
is  not  effective  when  it  really  is  effective.  This  could  occur  5%  of  the 
time.  Also,  suppose  we  will  accept  the  hypothesis  20%  of  the  time  if  the 
audit  rejection  rate  is  (.1)  ORR  - .005  j.  i, 

.85 

K is  a constant  percentage  error  which  will  be  defined  in  the  test.  This 
means  that  we  will  accept  the  conclusion  that  the  origin  inspection  process 
is  effective  when  it  actually  is  not.  This  will  occur  20%  of  the  time. 
These  stated  risks  will  lead  to  the  following  hypothesis: 


Hq:  E (x)  = = Pq 

H^:  E (x)  = + K = 

0*  = 5% 

6 = 20% 

K = Constant  Factor. 


Suppose  we  select  lots  at  random.  If  we  assume  that  P]  is  the 
proportion  of  bad  lots  in  the  system,  then  the  probability  that  the  audit 
inspection  would  discover  dL  defective  lots  and  gL  good  lots  in  some  order 
among  the  first  m observations  is: 

% 

Plm=Pl(1-Pl)  (2) 

where  (d^  + gL  = ni). 

Similarly,  if  the  proportion  of  bad  lots  is  Pg,then-. 

dl  91 

Pom-Po  (1  - Po)  (3) 
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The  ratio 


di  gL 
^ 0-Pl) 


(4) 


can  be  transformed  to  natural  logarithms. 


In  *^1m  - d.  In  + g.  In  (5) 

P P ' 1 -P ' 

'^om  '^0  ' *^0 

It  can  be  shown  mathematically  that  the  critical  values  may  be  obtained 
by  setting; 


\ + 91 

Pn 


In 


^-Pl  _ In  1-6 
1-Po  ■ 


and 


(6) 


di  In  Pi  + OL  In  '"Pi  - 
Po  “ 1-Po 


In  _e_ 
l-a 


(7) 


While  the  previous  explanation  may  appear  complicated,  it  can  be  simply 
demonstrated  by  use  of  an  example. 

Suppose  the  origin  rejection  rate  (ORR)  was  observed  at  13.5%.  Then 
substitution  into  1 yields  E (x)  = 1%  (.01).  This  1%  figure  follows  from 
the  section  on  the  discussion  of  vendor  philosophy.  (It  is  important  to 
point  out  that  the  accuracy  of  this  hypothesis  test  is  not  dependent  on 
any  assumptions  of  that  section.)  This  then  would  provide  the  following 
hypothesis  for  testing. 

Hq:  E (x)  = .01  (Pq) 

E (x)  = .025  (P^ ) 

« = 5% 

e = 20% 

K = 1.5%  (.015) 

The  constant  factor  was  chosen  arbitrarily  but  is  within  reasonable  limits 
for  this  type  of  test. 
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Substituting  these  values  into  equations  (6)  and  (7)  gives; 


and 


dL  In  ^ gL  In  _ In 

.01  .99  ' \05 


1 


di_  In  + OL  In  .975  = In  .2 

.01  .99  1-.95  • 

Substituting  values  of  logarithms  we  obtain; 

.9163dL  - .01527gL  = 2.773 

.9163dL  - .01527g|_  = 1.558  . 

These  equations  can  be  represented  by  lines  on  a graph.  The  resultant 
graph  is  shown  on  Figure  2. 


The  use  of  the  graph  provides  a unique  advantage  to  the  audit 
inspection  process.  In  many  cases  the  individuals  monitoring  the  program 
may  not  be  statistically  or  mathematically  oriented.  Prior  construction 
of  the  graphs  by  qualified  personnel  will  enable  the  monitors  to  simply 
graph  each  good  and  bad  lot.  The  decision  occurs  anytime  the  graphed 
line  crosses  either  of  the  boundary  limits. 


The  actual  sample  size  required  to  make  a decision  will  vary  with 
the  true  quality  of  the  material  in  the  system.  From  Figure  2 it  is 
apparent  that  if  4 lots  are  rejected  in  60  or  less  total  audits,  then  the 
hypothesis  (H])  that  p=.025  would  be  accepted  indicating  that  the  origin 
inspection  process  was  not  effective.  If  no  lots  were  rejected  during 
audit,  it  would  require  inspection  of  102  lots  to  accept  (Hq)  p=.01 
indicating  that  the  origin  inspection  process  was  effective.  The  average 
sample  size  required  to  make  a decision  is  a function  of  the  quality  of 
the  material  and  the  degree  of  accuracy  desired.  Figure  3 is  a graph  of 
the  average  sample  number  for  the  previous  example  and  also  presents  the 
effect  of  increasing  the  constant  factor  (k)  to  3%.  Details  covering 
construction  of  this  curve  are  contained  in  Appendix  4.  The  Operating 
Characteristic  curves  are  approximated  for  each  of  these  cases  and  included 
as  Figure  4.  The  mathematical  considerations  used  in  construction  of  these 
curves  are  contained  in  Appendix  5.  Review  of  Figure  4 demonstrates  the 
problem  encountered  in  attempting  to  decrease  sample  size  by  allowing  more 
variance  in  the  estimate.  The  perfect  curve  for  this  test  would  be  the  Z 
shaped  curve  shown  in  red.  This  could  only  be  achieved,  however,  with 
100%  inspection.  The  closer  we  approximate  this  Z shaped  curve,  however, 
the  more  confident  we  can  be  in  our  decision.  As  the  curve  gets  flatter 
as  a result  of  a decrease  in  sample  size,  we  have  less  confidence. 
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(GOOD  LOTS) 


OPERATING  CHARACTERISTIC  CURVES 


PERCENT  DEFECTIVE 


There  1s  one  possible  testing  result  which  we  have  not  covered  by 
the  plan  outlined  above.  This  is  the  case  where  the  audit  rejection  rate 
(E  (x))  is  always  significantly  lower  than  what  would  have  been  predicted 
by  the  origin  inspection  rejection  rate.  The  implication  could  be  that 
the  origin  inspection  process  was  rejecting  lots  unfairly  (i.e.,  rejecting 
too  high  a percentage  of  good  lots).  This  possibility  has  a low  proba- 
bility of  occurance  when  considered  in  terms  of  Military  Standard  105D 
used  for  origin  inspection.  However,  if  test  experiences  indicate  that 
this  could  be  a significant  occurrence  the  sequential  sampling  plan  could 
be  altered  to  statistically  test  that  hypothesis. 


VII.  CONCLUSIONS  & RECOMMENDATIONS 

A.  Conclusions 

1.  The  current  structure  of  the  QSAP  for  subsistence  does  not 
appear  to  be  satisfying  the  objectives  of  the  program  as  stated  in  the 
governing  regulation. 

2.  To  satisfy  the  objectives  of  the  program  a systematic, 
statistically  based  audit  inspection  procedure  must  be  established. 
Establishment  of  such  a system  will  then  enable  DPSC  to  determine: 

a.  The  amount  of  nonconforming  material  entering  the 

system  and; 

b.  The  effectiveness  of  the  origin  inspection  system. 

3.  The  establishment  of  such  a procedure  as  outlined  in  this 
paper  will  require  additional  resource  expenditures.  The  expected  re- 
turn from  these  expenditures  cannot  be  directly  quantified.  Appropriate 
management  personnel  must  evaluate  the  possible  benefits  of  such  a system 
against  the  implied  cost  in  terms  of  resource  expenditures. 

B.  Recommendations.  The  basic  recommendation  is  to  implement  a 
sampling  system  for  audit  inspection  similar  to  the  plan  described  in 
this  paper.  There  are  several  ways  by  which  this  can  be  accomplished. 
However,  there  is  one  basic  ingredient  that  is  currently  absent  which 
is  necessary  for  any  plan.  That  ingredient  is  randomness.  For  each 
item,  group  of  items,  vendor,  or  groups  of  vendors,  there  must  be  an  equal 
probability  of  selection  for  audit.  The  number  of  audit  sites  must  be 
expanded  to  insure  that  every  lot  has  an  equal  chance  of  selection  for 
audit.  Once  this  is  achieved,  there  are  several  courses  of  action  to 
follow. 

1.  Establish  the  sequential  sampling  plan  outlined  in  this 
paper.  If  the  plan  was  applied  to  the  17  groups  of  perishable  and  non- 
perishable  sub  groups  of  subsistence  items  shown  in  Table  1,  the  number 
of  audit  inspections  required  would  vary  between  2500  to  5000  audits 
annually.  This  number  of  audits  is  actually  small  in  comparison  to  the 
total  number  of  inspections.  (For  instance  during  FY  75  there  were 
approximately  8000  origin  inspections  for  Fabricated  Beef  alone.)  This 
recommendation  is  the  most  costly  in  terms  of  resources. 


2.  Establish  the  same  system  as  defined  above  but  over  a 
longer  time  frame.  If  it  is  decided  that  It  is  not  imperative  to  develop 
an  annual  estimate,  the  number  of  required  samples  could  be  distributed 
over  a larger  time  frame.  For  example,  2 or  3 years.  This  recommendation 
would  be  less  costly  than  1. 

3.  Lastly,  we  could  continue  to  operate  the  system  as  it  cur- 
rently exists  but  to  aggregate  the  current  data  in  the  form  described  in 
this  paper.  This  is  basically  the  same  as  recommendation  2 with  no  time 
frame  specified.  It  is  not  possible  to  determine  how  long  or  if  we  would 
ever  have  an  accurate  estimate  to  use,but  this  would  be  the  least  costly 
route  to  take. 

C.  Additional  Recomrendation.  The  theory  associated  with  sequential 
analysis  is  well  documented  and  substantiated  in  statistics.  The  same 
approach  could  be  effectively  and  economically  applied  to  the  origin  in- 
spection process.  Currently,  the  origin  inspector  selects  his  sample  of  a 
predetermined  size  and  then  counts  the  defective  and  good  material  and 
makes  a determination  concerning  acceptability  of  the  lot.  Using  sequen- 
tial sampling,  it  would  often  be  possible  for  the  origin  inspector  to  make 
his  determination  in  less  than  the  predetermined  sample  size.  This  would 
effect  economies  in  the  inspection  process  and  would  also  prove  beneficial 
to  the  vendor.  If  a lot  was  going  to  be  rejected,  the  vendor  would  like 
to  know  as  soon  as  possible  so  that  the  production  line  could  be  shut 
down  and  suitable  adjustments  made.  Application  of  this  plan  can  be  easily 
simplified  to  require  no  statistical  knowledge  on  the  part  of  the  inspec- 
tor. 
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APPENDIX  1 


PROOF  THAT  A SUM  OF  BINOMIAL  PROBABILITIES 
IS  EQUAL  TO  A BETA  DISTRIBUTION 


Consider  the  Cunulative  Distribution  Functions 


where  q = (1  - p) 

Let  X = q and  expand  the  left  side 
q"  , Nq"-’  p * ...  * "jH-l) 


-N-c  _c  _ (a+b+1)!  ^_a,,  »b  . 
^ P a!  b!  ) P 


Differentiate  both  sides  WRT  q 

nq"-'  * N(N-1),"-2  p . ...  .►  qN-^  p<:-' 


N(N-i: 


fcsi  - Nq"-'  - aif-i!.  q"-2  (2p)  - 


- q"-^  (cp<^-')  . q-  (1-q)'' 

Cancellation  of  terms  on  the  left  yields 

N{N-1)  •••  (N-c)  .N-c-1  _c  _ (a+b+D!  .a  „ ,b 
^ ^ P •=  a!  b!  P 


Since  q = x implies  p = 1-x 


Let  a = n-c-1 
b = c 


implies  n = a+b+1 


(a+b+1)  (a+b+1-1)  »»»  (a+b+l-b)  „N-c-l  /,  vb  (a+b+1)!  „a 


x”  ' {l-x)“  = 


x"  (1-x)^ 


Multiply  the  left  by  and 


‘IttF  X*  <'-x)‘’  ■ x*  (|.x)'>. 


APPENDIX  2 


BETA  DISTRIBUTION 


The  values  used  to  derive  Figure  1 were  developed  from  the  Beta 
Probability  Density  Function 


F(x) 


(a  b 1)!  a 
a!  b!  ^ 


(1  - x)*’ 


for  0 < X < 1 


= 0 , elsewhere. 

With  parameters  a = 1,  b = 17  this  yields 

c(x)  s — LjLJ = 1 

a + b + 2 

= (a  ^ b 2)  (a^  ^ 3a  2)  - (a  -t-  1)^  (a  ^ b + 3)  ^ 00204 
(a  + b + 2r  (a  + b + 3) 

Mode  = = .0556 


The  probabilities  defined  as  the  area  under  the  curve  can  be  computed 
from  the  cumulative  distribution  function. 


F(x)  = 0 


(a  + b + 1)!  .,a 
" 


a! 


(1  - 


x)^  dx 


= 1 


X < 0 
0 < X < 1 


X > 1 


For  the  example  a = 1,  b = 17  the  following  probabilities  were 
approximated  using  Simpson’s  approximation 


p 

(x 
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3 

.58 
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.2) 
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.91 

p 

(x 

.3) 

3 

.98 

p 

(x 

.4) 

3 

.999 
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APPENDIX  3 

DERIVATION  OF  EXPECTED  REJECTION  RATE 


The  Pdf  of  the  Beta  Distribution  is 

F(x)  = 0 < X < 1 

= 0 , el sewhere . 


Let  X = percent  of  lots  submitted  which  are  rejectable  since  we  assume 
o = .05  and  e = .1 . 


Then  (assuming  perfect  inspection)  the  percent  of  rejected  lots  will  be 
R = (.9  X + .05  (1  - x)) 

Then 

E(R) 


,1 


^r\ 


g5  {a  1)1  r 


X®  (1  - x)°  dx  + 


x^"^^  (1  - x)^  dx 


= .05  + .85  E(x) 
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APPENDIX  4 

AVERAGE  SAMPLE  NUMBER 


Calculation  of  points  on  the  average  sample  number  curve  is  a rather 
complicated  mathematical  exercise  involving  application  of  the  maximum 
likelihood  ratio.  There  are  several  points,  however,  which  can  be 
determined  easily  and  used  to  sketch  the  approximate  shape  of  the  curve 
as  shown  in  Figure  3. 

Let  Pq  = desired  quality  at  a 

P^  = lot  tolerance  percent  defective 

1.  If  all  items  obtained  are  defective: 


2.  If  all  items  obtained  are  good: 


3.  At  Pq: 


(1-a)  In  yE-  + o In  — 

^ ’ 1 -g g 

Po  in  pi  * (l-Pp)  in  p^pl 


4.  At  P^: 


6 In  (1-8)  In  ^ 

1 -o  a 

TF" 

Pi  In  + (l-P-i)  In  1 
' ^0  0 


APPENDIX  5 

OPERATING  CHARACTERISTIC  CURVE 


Calculation  of  all  points  on  the  OC  curves  for  a sequential  sampling  plan 
is  complicated  by  the  necessity  to  solve  two  parametric  equations.  It  is 
possible  to  readily  determine  five  points  from  which  the  curve  can  be 
sketched. 
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THE  BID  EVALUATION  MODEL 
by  Major  James  Bexfield 


CHART  1 

First  I will  describe  the  problem  - followed  by  an  example  that  will 
be  used  later  to  help  explain  some  of  the  theory  in  the  model.  This  will 
be  followed  by  the  development  of  the  theory  used  in  the  bid  evaluation  i 

model . ! 

I 

CHART  3 i 

I 

How  does  DoD  purchase  fuel?  First,  we  obtain  requirements  from  the  j 

Military  Services.  After  evaluating  these  requirements,  we  request  bids 

from  industries.  These  bids  are  evaluated  using  the  bid  evaluation  model.  [ 

I; 

What  does  a typical  bid  look  like?  It  specifies  an  amount  which  is 
an  upper  limit,  that  is  we  can  accept  less  than  that  amount  but  not  more. 

Likewise  a price  is  specified.  The  bid  is  either  an  origin  bid,  in  which 

case  we  supply  the  transportation,  or  a destination  bid,  in  which  case 
the  company  supplies  the  transportation. 

L 

There  are  several  complications  in  the  evaluation  of  these  bids.  First,  ■ 

with  respect  to  origin  bids,  we  need  transportation  rates  between  the 
origins  and  the  destinations.  Second,  companies  may  submit  several  bids 
and  Indicate  a maximum  total  offer.  For  example,  a company  might  make 
three  destination  bids  to  destinations  A,  B,  and  C,  each  one  for  one  mil- 
lion gallons,  and  specify  that  their  maximum  total  offer  is  1.5  million 
gallons.  Third,  companies  frequently  do  not  want  to  deal  with  the  Govern- 
ment for  small  quantities  so  they  will  specify  minimum  acceptable  quanti- 
ties. In  other  words,  the  Government  must  accept  this  minimum  quantity 
or  nothing  at  all.  Finally,  occasionally  companies  will  tie  their  bids 
together.  This  could  occur  if  two  companies  are  bidding  based  on  using  the 
same  refinery.  In  a tie-in  bid  the  amount  that  can  be  accepted  from  one 
company  is  reduced  by  the  amount  accepted  by  the  other  company.  i 

As  you  can  see,  the  problem  of  selecting  those  bids  that  result  in  the 
lowest  delivered  fuel  cost  is  a complex  one.  i 

CHART  5 

In  this  example  we  have  3 oil  companies  (Cl,  C2,  C3)  making  bids  to  i 

satisfy  requirements  at  2 bases  - B1  with  a requirement  of  500  and  B2 
with  a requirement  of  600.  TFere  is  a single  transhipment  point  labeled 
D.  Note  the  many  different  ways  fuel  can  be  transported. 
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CHART  1 


CHART  6 


This  chart  contains  the  bids  and  restrictions  for  the  example  problem. 
The  first  bid  Is  from  company  1 for  1,000  units.  < It  Is  an  origin  bid 
Mith  the  location  designated  by  SI  and  It  costs  S800  per  unit.  The  second 
and  third  bids  are  destination  bids  from  company  1.  each  with  amounts  of 
300  units.  Note  that  the  total  amount  company  1 has  bid  Is  1,600  units, 
but  they  have  a company  limit  of  1,000.  In  addition,  company  1 restricts 
the  amount  of  bid  2 plus  bid  3 to  be  less  than  or  equal  to  500,  even 
though  the  total  amount  for  these  two  bids  Is  600  units.  There  are  similar 
bids  and  restrictions  for  companies  2 and  3.  All  bids  have  a minimum 
acceptable  quantity  of  200.  In  other  words,  for  each  bid  we  must  accept 
at  least  200  or  nothing  at  all.  Finally,  there  Is  a tie-in  bid  between 
company  1 and  company  2. 

CHART  7 

Since  we  are  Interested  In  minimizing  the  delivered  fuel  costs,  we 
must  consider  transportation  rates  for  shipments  from  the  transhipment 
point  D and  from  the  location  of  the  origin  bid  (SI)  to  the  possible 
destinations.  In  this  example  It  costs  5400  per  unit  to  ship  our  product 
from  the  transhipment  point  D to  the  destination  81  by  truck. 

CHART  8 

It  Is  now  time  to  describe  the  BEM  model.  This  description  Is  divided 
into  2 parts  - first  a network  representing  all  the  constraints  - max  flow, 
min  flows,  etc.  Is  built.  Then  a mathematical  model  Is  developed  to 
represent  this  network. 

CHART  9 

A network  consists  of  flows  along  arcs  to  nodes.  The  flows  along  the 
arcs  are  constrained  by  capacity  limits.  One  constraint  specifies  that  a 
certain  amount  must  flow  Into  the  sink.  Associated  with  each  arc  Is  a 
cost/unit  of  flow.  The  objective  Is  to  determine  the  flow  along  each 
arc  so  as  to  minimize  the  total  cost  of  the  flow  through  the  network  while 
satisfying  all  constraints. 

CHART  10 

In  our  case  an  arc  will  be  represented  by  a three-tuple.  The  first 
position  represents  the  maximum  amount,  for  example  the  bid  amount  or 
maximum  sale  for  a given  company;  the  second  position  represents  the 
minimum  amount,  for  example  a requirement  or  MAQ;  the  third  position 
represents  the  cost  associated  with  flows  over  that  arc.  Next  we  will 
learn  how  tr  represent  the  various  bids  and  constraints  using  a network. 
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CHART  6 


NOTATION 


CHART  10 


CHART  11 


There  are  two  types  of  maximum  offers.  The  first  type  concerns  the 
total  company.  In  this  case,  we  specify  an  arc  between  the  source  and 
the  company  with  the  maximum  amount  that  the  company  is  willing  to  sell 
us  as  the  only  variable  different  from  zero. 

In  addition,  it  is  possible  for  a company  to  have  a subset  of  bids 
which  are  restricted  by  some  maximum  amount.  In  this  case,  we  create  an 
artificial  node  and  connect  it  with  an  arc  from  the  company  node.  The 
restriction  is  represented  by  the  maximum  flow  for  that  arc. 

CHART  12 

The  minimum  acceptable  quantity  bids  are  represented  with  the  MAQ  amount 
in  the  minimum  field  for  the  arc  between  a company  or  artificial  node  and 
the  destination.  The  possibility  of  accepting  nothing  from  that  company 
is  obtained  by  deleting  the  rejected  arc.  The  method  of  deleting  the  arc 
will  be  explained  in  the  mathematical  description  to  follow. 

CHART  13 

Each  origin  bid  generates  several  destination  bids;  the  bid  amount  and 
MAQ  are  treated  by  using  an  artificial  node.  From  this  artificial  node, 
a destination  bid  is  generated  for  each  possible  delivery  point.  These 
bids  do  include  cost  - both  the  origin  bid  cost  and  the  transportation 
cost  - but  do  not  constrain  flows  since  this  was  done  earlier. 

CHART  U 

This  is  the  network  for  the  example.  Note  the  company  restrictions 
in  the  arcs  from  the  source  to  company  1 and  from  the  source  to  company 
2.  In  addition,  notice  the  minimum  acceptable  quantities  (MAQ)  of  200 
on  the  arcs  from  company  1(C1)  to  SI,  A1  to  B1  and  0,  C2  to  0 and  B2, 
and  C3  to  B2.  The  minimum  quantities  of  500  and  600  from  B1  and  B2  to 
the  sink  force  flow  through  the  network.  Our  objective  is  to  find  the 
paths  that  will  insure  that  1,100  units  flow  into  the  sink  in  such  a way 
that  cost  is  minimized  and  all  minimum  and  maximum  flow  constraints  are 
satisfi ed. 

CHART  15 

We  are  now  going  to  mathematically  model  the  network  we  have  generated. 

CHART  16 

In  the  simplest  formulation  of  the  problem  we  ignore  the  minimum  and 
maximum  flow  constraints  on  the  arcs.  Define  Xk  as  the  amount  of  flow 
over  arc  K;  Ck  as  the  cost  per  unit  of  flow  on  arc  K;  S as  the  set  of 
all  the  arcs;  B^  as  the  set  of  all  arcs  which  connect  nodes  to  the  sink, 
that  is,  that  connect  the  base  nodes  to  the  sink;  and  Ai  as  the  set  of  all 
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MAXIMUM  OFFERS 


CHART  11 


FOR  mf]l 


* TIE-IN  BID 

m\m  AMT>  MINIMUM  AMT.  COST/UNIT) 


SIMPLEST  FORMULATION  OF  PROBLEM 


CHART  16 


arcs  which  connect  the  source  to  nodes  (company  nodes).  Our  objective 
is  to  find  the  values  for  the  X^'s  so  as  to  minimize  cost  subject  to  the 
conservation  of  flow  constraint.  This  constraint  says  that  the  amount 
that  flows  out  of  the  source  must  equal  the  amount  that  flows  into  the 
sink . 


CHART  17 

X^,  X^  and  Xo  are  in  the  set  ; and  X15  and  X15  are  in  set  . The 
conservation  of  flow  constraint  requires  that  X]  + X2  X3  equal  X15  + 
Xl6- 


CfiART  18 

In  this  representation,  we  will  cover  maximum  and  minimum  flows  over 
the  various  arcs  but  will  exclude  tie-in  bids.  Define  Lk.  as  the  smallest 
amount  that  can  flow  over  arc  K and  Hk  as  the  largest  amount  that  can  flow 
over  arc  K.  Z is  a binary  decision  variable  that  takes  on  the  value  zero 
if  an  arc  is  deleted  and  one  if  an  arc  is  to  be  included.  This  variable 
is  used  to  model  the  minimum  acceptable  quantity  restrictions.  Q is  the  set 
of  arcs  with  MAQ  bids.  We  are  still  trying  to  minimize  the  total  cost  of 
the  system  by  selecting  appropriate  values  of  our  decision  variables  X and 
Z.  Our  constraints  included  the  conservation  of  flow  constraint.  A con- 
straint which  specifies  that  we  must  be  within  our  lower  and  upper  bounds 
whenever  we  are  in  the  set  X-Q,  that  is  in  the  set  that  does  not  include 
the  MAQ  bids.  When  considering  the  set  that  does  include  MAQ  bids,  we 
multiply  the  lower  and  upper  bounds  (Lk,  Hk)  by  our  binary  variable  Zk. 

When  Z is  equal  to  zero  the  value  of  Xk  is  forced  to  be  zero.  When  Zk 
is  equal  to  1 then  the  MAQ  constraint  must  be  met. 

CHART  19 

This  chart  represents  the  complete  model  including  tie-in  bids.  Define 
Mj  as  the  upper  limit  associated  with  the  Jth  tie-in  bid,  Rj  as  the  set  of 
arcs  subject  to  that  tie-in  bid  and  P as  the  number  of  tie-in  bids.  The 
rest  of  the  variables  were  defined  previously.  The  objective  function 
and  the  first  three  constraints  were  explained  earlier.  For  a tie-in  bid 
we  have  the  total  flow  over  the  arcs  associated  with  Rj  being  less  than 
or  equal  to  our  upper  limit,  Mj.  We  have  one  of  these  constraints  for  each 
of  the  tie-in  bids.  In  our  example  we  have  one  tie-in  bid  between  arcs 
Xi  and  X2. 


CHART  20 

This  chart  represents  the  network  with  its  solution.  The  numbers  in 
the  boxes  represent  the  flows  over  each  of  the  arcs.  For  example,  company 
1 was  awarded  5Q0  units,  200  from  their  origin  bid,  and  300  from  their 
destination  bid  to  base  1;  company  2 was  awarded  400  and  company  3 was 
awarded  200.  All  of  the  minimum  acceptable  quantity  restrictions  were 
satisfied.  The  total  cost  of  the  procurement  was  $995,000. 
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INCLUDE  ARC  CONSTRAINTS 
(I'lAX  FLOWS  & MAQ  BIDS) 
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INCLUDE  TIE-IN  BIDS 
(COMPLETE  MODEL) 
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CHART  19 


SOUJTION 

;iETM3RK  FOR  EXAMPLE 


TIE-IN  BID  TOTAL  COST:  $995000 

(MAXIMUM  AMT,  MINIMUM  AMT,  COST/UNIT) 

CHART  20 


CHART  21 

The  bid  evaluation  model  allows  the  Defense  Fuel  Supply  Center  to 
determine  the  least  cost  solution  for  the  procurement  of  petroleum 
products.  The  outputs  of  the  model  are  used  in  the  award  process  thus 
reducing  the  manual  labor  required  in  procurement.  In  addition,  the 
output  of  the  model  provides  a fuel  distribution  plan  for  a single  product. 
Finally,  the  model  serves  as  justification  for  bid  selection  with  regard 
to  inquiries  from  rejected  contractors  or  the  GAO. 
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BENEFITS  DERIVED  FROM  USING  BID  EVALUATION  MODEL 


DISTRIBUTION  AND  STORAGE  SYSTEM  ANALYSIS 


by  Major  James  Bexfield 


CHART  1 

This  is  an  outline  of  the  briefing. 

First  I will  explain  the  purpose  of  the  analysis,  followed  by  a 
general  discussion  of  the  methodology  which  was  tested  in  the  northwest 
United  States. 

Next  comes  the  conclusion  followed  by  the  plans  we  have  for  future 
analysis. 


CHART  2 

The  purpose  of  the  analysis  was  to  compare  the  current  distribution 
pattern  with  alternate  distribution  patterns. 

In  addition,  we  evaluated  Defense  Fuel  Support  Points  (DFSP's)  with 
respect  to  their  capabilities  (to  include  size,  and  transportation  avail- 
ability), location  and  number. 


CHART  3 

Our  basic  problem  is  one  of  getting  product  from  the  sources  to  the 
customers,  usually  through  Defense  Fuel  Support  Points. 

Our  objective  is  to  determine  the  group  of  paths  which  minimize  the 
cost  of  the  distribution  system  while  meeting  all  mission  requirements. 

CHART  4 

To  obtain  this  minimum  cost  solution,  we  use  a technique  called  mixed 
integer  linear  prograramlng. 

In  this  model  there  are  two  types  of  decision  variables  - one  type  of 
decision  variable  is  the  amount  of  product  flow  by  type  over  each  path. 

A second  type  of  decision  variable  is  one  which  allows  a terminal  to  be 
either  open  or  closed.  Associated  with  each  terminal  is  a fixed  cost 
which  is  avoided  if  a terminal  is  closed.  This  option  can  be  especially 
useful  in  evaluating  new  terminal  additions. 

Our  objective  is  to  minimize  transportation  costs,  fixed  and  variable 
terminal  costs,  and  product  costs. 
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NIXED  INTEGER  LINEAR  PROGRAM 
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CHART  4 


In  doing  this  we  must  meet  some  constraints  -- 

I.  We  must  not  overlift  a contract. 


2.  All  customer  demands  must  be  satisfied  exactly. 

3.  Flow  through  terminals  must  not  exceed  their  maximum  through-put 
capabilities. 

CHART  5 

In  our  test  case  we  considered  the  northwest  United  States.  The  maps 
of  this  area  which  you  will  see  later  in  this  briefing  will  not  be  to 
scale  due  to  clusterings  in  the  distribution  system. 

The  following  charts  provide  examples*of  the  data  used  in  this  test 
case.  (CHARTS  6-10:  No  script  provided  for  these  statistical  charts). 

CHART  11 

Next  we  compared  the  actual  distribution  pattern  vs  the  pattern  gen- 
erated'by  the  linear  programming  model  when  the  model  was  minimizing 
transportation,  termipal  and  product  costs. 

The  next  chart  describes  the  actual  distribution  pattern  for  FY  1976. 

CHART  12 

The  dotted  lines  represent  the  source  to  terminal  paths  and  the  solid 
lines  represent  the  terminal  to  customer  paths.  The  numbers  associated 
with  each  path  (line)  indicate  the  amount  of  JP4  (in  thousands  of  barrels) 
that  was  sent  over  that  path  during  FY  1976.  The  letters  on  each  path 
refer  to  the  transportation  mode  (TT  = tank  truck,  TK  = tanker,  P = pipeline, 
B “ barge,  TC  = tanker  car).  The  circles,  squares  and  triangles  were  used 
to  identi/y  the  customers,  terminals  and  suppliers  (the  numbers  inside  these 
symbols  were  used  by  the  computer  model).  The  symbol  0 is  used  to  identi- 
fy a pipeline  terminal. 

« 

For  example:'  1,067,000  bbls  was  sent  from  FERNDALE  through  the  BUCKEYE 
pipe'lines  to  McCHORD  AFB. 

CHART  13 

f 

This  chart  highlights  the  differences  in  flow  (M  bbls)  between  the 
actual  pattern  and  the  pattern  suggested  by  the  linear  programming  model. 
.Paths  that  are  eliminated  are  crossed  out.  Changes  in  amounts  over  a path 
are  indicated  by  plus  (+)  and  minus  (-)  quantities.  These  changes  are 
of  two  types.  The  first  type  of  difference  is  due  to  time  sensitive  prod- 
uct availability  and  requirements  in  a particular  area.  As  an  example  of 
this,  note  the  8,000  bbls  path  from  Mukilteo  to  Portland  ANG.  The  other 
type  of  difference  is  substantive  in  nature.  In  this  case  there  may  be  a 
reason  to  alter  the  basic  distribution  pattern.  As  an  example,  the  LP 


236 

^ ...  . J 


CHART  6 


TERMINALS  SERVING  NORTHWEST  U.S. 
FY  1976 


CHART  7 


SOURCES  IN  NORTHWEST  U.S. 
FOR  FY  1976 
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CUSTOMERS  IN  NORTHWEST  U.S. 
DEMAND  IN  BBL 
FY  1976 
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CHART 


model  suggested  that  the  amount  of  product  supplied  from  Mukilteo  to 
Fairchild  by  tank  truck  be  reduced,  and  the  deficit  be  supplied  from 
the  Salt  Lake  area  via  the  Chevron  pipeline. 


There  were  no  significant  differences  between  the  actual  pattern  and 
the  pattern  suggested  by  the  linear  program  for  JP5,  DFM  and  145. 


CHART  14 


In  the  analysis,  we  used  the  model  in  two  additional  ways: 

First  we  used  the  model  for  capital  investment  decision  making.  In 
this  regard  we  considered  changes  in  the  distribution  pattern  resulting 
from  additional  transportation  capabilities  such  as  a new  pipeline  from 
Mukilteo  to  Fairchild  AFB.  We  also  examined  the  effect  of  increasing 
terminal  capabilities  by  adding  storage,  building  a new  terminal,  or 
increasing  the  number  of  products  that  an  existing  terminal  can  accommodate. 

Next  we  used  the  model  in  simulated  crisis  situations.  For  example, 
we  considered  the  elimination  of  transportation  modes,  due  to  such  occur- 
rences as  the  Mississippi  River  freezing  or  a pipeline  break.  We  examined 
the  changes  in  distribution  pattern  and  resulting  cost  increase  resulting 
from  sudden  contract  elimination  due  to  such  things  as  a refinery  fire. 

In  addition,  we  considered  changes  in  the  distribution  pattern  resulting 
from  large  surges  in  customer  demand  due  to,  for  example,  unexpected 
military  exercises. 

CHART  15 

In  conclusion,  the  actual  pattern  is  very  close  to  LP  model  solution 
- however,  there  is  a potential  for  some  savings. 

Also  the  model  can  be  used  in  a large  number  of  varying  situations 
besides  distribution  pattern  planning  - it  can  be  used  in  capital  invest- 
ment and  crisis  decision  making. 

CHART  16 

In  the  near  future  we  plan  to  extend  the  study  to  the  entire  west 
coast  and  possibly  to  the  Houston  area.  Eventually,  we  will  perform  the 
study  worldwide. 

Finally,  we  plan  to  examine  the  possibility  of  using  simulation  modeling 
to  evaluate  inventory  policies  at  DFSPs  (frequency  of  reorder,  reorder 
point  and  reorder  amount)  to  include  such  considerations  as  how  often  do 
they  reorder,  when  do  they  reorder  and  how  much  should  they  reorder? 
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ADDITIONAL  ANALYSES 


CHART  14 
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CHART  16 


DICOMSS  - Sort-on-Receipt  Mechanization 


Bohdan  Dombchewskyj , CPT,  USA 
Operations  Research  Officer 
Defense  Depot  Mechanlcsburg 
Pennsylvania 

The  Direct  Conmissary  Support  System  (DICOMSS)  is  a DLA  managed  program 
designed  to  provide  Brand  Name  and  Specification  Resale  Subsistence  to 
overseas  military  commissaries. 

DICOMSS  was  conceived  as  a flow  through  system.  The  basic  concept  was 
that  the  commissaries  would  submit  their  requisitions  monthly  to  a central 
procurement  agency  which  would  consolidate  like  requisitions  prior  to  buy- 
ing material  from  the  vendors.  The  brand  name  material  would  then  be 
shipped  directly  from  the  vendor  to  the  commissary  or  to  a CONUS  supporting 
depot  for  consolidation  into  individual  commlsaary  shipments. 

The  consolidation  is  a Defense  Depot  Mechanlcsburg  Pennsylvania  (DDMP)  func- 
tion. DICOMSS  items  are  taken  from  the  receiving  vehicles  and  placed  in 
storage  locations.  Receipt  quantities  are  then  confirmed  to  the  center, 
the  stock  control  point  for  DICOMSS.  The  center  generates  Material  Release 
Orders  (MROs)  back  to  the  depot.  Based  on  the  MROs,  freight  planning, 
order  picking  and  seavan  stuffing  is  accomplished. 

The  above  procedures  at  the  depot  are  accomplished  by  a manual,  labor 
Intensive  operation.  These  manual  procedures  began  when  DICOMSS  originally 
served  six  (6)  European  commissaries.  DICOMSS  currently  serves  61  European 
commissaries.  To  improve  the  cost/performance  of  the  DICOMSS  function  at 
DDMP,  mechanization  of  the  DICOMSS  mission  at  DDMP  has  been  under  consider- 
ation since  1972.  To  support  mechanization,  a MILCON  project  was  completed 
in  December  1975.  The  MILCON  provides  240,000  square  feet  of  improved 
facilities  in  which  to  house  mechanization. 

Sort-on-recelpt  is  not  a new  concept.  It  has  been  considered  as  an  alter- 
native to  the  present  system  since  1972.  In  its  pure  form  it  has  not  been 
a viable  alternative  due  to  its  requirement  for  a pre-posltioned  MRO  at 
the  depot.  Some  administrators  argue  that  this  would  in  affect  transfer 
center  functions  to  the  depot.  This  mechanized  sort-on-receipt  concept 
does  not  require  a pre-posltioned  MRO  or  the  transfer  of  any  center 
functions  to  the  depot.  Some  purists  may  even  argue  as  to  whether  the 
term  "sort-on-recelpt"  applies  to  this  system. 

This  concept  was  developed  by  Mr.  Christopher  T.  Flynn,  formerly  an 
Industrial  Engineer  at  DDMP.  A concept  paper  was  prepared  by  him  and  is 
presently  being  staffed  by  DLA.  Much  of  the  material  presented  in  this 
paper  has  been  extracted  from  the  concept  paper. 
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In  this  concept  material  flows  through  seven  functions.  These  seven  functions 
are:  receiving,  segregation,  sorting  (order  picking),  palletizing  and  unitiz- 
ing, holding  and/or  storing,  stuffing,  and  transporting. 

The  most  significant  and  beneficial  change  will  be  real  time  material  receipt 
confirmation.  Receiving  will  be  accomplished  in  a well  defined  area  adjacent 
to  each  receiving  dock.  Receiving  clerks  will  observe  material  for  visual 
damage  and  quantity  verification.  If,  after  Inspection,  the  receiving  action 
Is  to  be  delayed,  the  material  Is  to  be  moved  to  facilities  outside  Building 
506/507  for  further  evaluation.  A data  entry  device  (CRT)  located  In  the 
receiving  area  will  be  used  for  a direct  material  receipt  confirmation  to  c. 
data  base  at  DPSC.  Response  to  this  entry  will  be  a real  time  MRO.  Response 
to  this  entry  will  also  indicate  the  location  In  which  this  material  will  be 
placed . 

Receipt  of  material  requiring  secured  storage  will  occur  at  the  north  end  of 
Building  506  at  specially  designated  doors.  Material  will  be  off-loaded 
directly  Into  the  secured  area.  The  capture  of  material  receipt  Information 
will  be  exactly  as  described  above  by  a CRT  located  in  the  secured  area,  the 
exception  being  that  other  than  A condition  code  security  Items  will  remain 
in  the  secured  area  - with  appropriate  markings. 

The  Sor t-on-Recelpt  function,  segregation,  is  unique  to  this  concept.  Segre- 
gation refers  to  the  computer  decisions  made,  and  physical  handling  of,  the 
material  from  the  time  the  data  for  the  Material  Receipt  Confirmation  (MRC) 
is  entered  into  the  computer  until  the  material  is  ready  for  commissary 
sorting.  There  are  several  responses  to  the  MRC.  One  response  is  the 
release  of  the  MRO  to  the  depot.  This  action  permits  segregation  and  billing 
to  occur.  Another  response  to  the  MRC  Is  the  direction  the  material  will 
physically  go  as  it  leaves  the  receiving  area. 

It  is  the  intent  of  this  concept  to  take  advantage  of  Inherent  characteristics 
of  individual  DICOMSS  items.  That  Is,  by  recognizing  the  compatibility, 
density,  container  type,  condition  code,  and  other  special  characteristics  of 
an  item,  that  Item  can  be  directed  to  the  best  handling/storage  procedure. 

The  three  possible  destinations  of  material  leaving  the  receiving  area  are: 

(1)  pre-sort  hold  area  await ing the  mechanized  sorter,  (2)  external  to  Build- 
ing 506/507,  (3)  directly  to  post-sort  hold  areas  (bypassing  the  sorter). 

The  destination  information  will  be  computer  printed  on  tickets  which  will 
adhere  to  the  material. 

The  pre-sort  hold  area  Is  to  be  physically  adjacent  to  receiving  areas. 

This  storage  is  to  be  rack  storage  serviced  by  narrow  aisle  forklift  trucks. 
This  will  allow  maximum  cube  utilization  and  maximum  visibility  of  this 
material.  The  location  and  Identification  of  pallets  in  this  area  would  be 
recorded  in  the  central  data  base.  It  is  anticipated  that  this  temporary 
storage  will  contain  1,200  pallet  openings,  nominally  one  day's  receipt. 


The  second  destination,  external  to  Building  506/507,  would  contain  Items  not 
suitable  to  either  mechanized  sorting  or  storage  In  Building  506/507.  Certain 
bagged  items,  such  as. flour  and  sugar,  may  not  be  suited  to  mechanized  sort- 
ing. Additional  Items  to  be  stored  external  to  Building  506/507  are  label 
Items.  Label  items  are  Items  which,  because  of  their  chemical  composition, 
are  considered  hazardous  when  shipped  In  the  same  seavan  as  other  label  Items 
These  label  Items  are  expected  to  be  2 percent  of  the  DICOMSS  Items.  Segre- 
gating these  Items  is  primarily  considered  to  facilitate  freight  planning  and 
van  stuffing. 

The  third  destination  for  material  leaving  the  receiving  area  is  movement 
directly  to  the  post  sort  hold  area.  The  capability  will  be  available  in 
both  the  computer  program  logic  and  the  materials  handling  equipment  to 
bypass  portions  of  the  system.  The  Intent  of  this  capability  Is  to  recognize 
that  individual  commissaries  order  particular  Items  essentially  in  the  same 
pallet  load  quantities  as  the  material  la  received.  Although  this  situation 
may  occur  only  on  a limited  basis,  each  occurrence  can  significantly  reduce 
handling  efforts.  The  computer  controlled  sorting  operation  performs  the 
order  picking  function  under  this  sort-on-recelpt  concept.  That  Is, 
material  Is  depalletlzed , counted,  moved  to  distant  location  and  palletized. 

The  sort  operation  will  begin  with  a "call  order"  from  a data  terminal 
printer  located  at  the  sorter  induction  station.  The  order  in  which  material 
is  run  through  the  mechanical  sorter  effects  the  efficiency  of  the  manual 
palletizing  function  at  the  output  of  the  sorter.  Therefore,  the  computer 
will  scan  the  items  available  In  the  pre-sort  hold  area  so  that  each  call 
order  will  maximize  the  volume  of  like  items  brought  to  the  sorter.  Like 
item  selection  refers  to  like  compatibility  codes,  density  codes,  and 
container  type. 

Oepalletizing  will  be  accomplished  with  an  assist  from  a mechanical  aid. 
Several  different  techniques  of  depalletlzlng  may  be  employed  since  the 
cases  will  not  require  any  special  orientation. 

The  sequentially  numbered  call  order  tickets  will  be  provided  to  forklift 
drivers  for  bringing  items  to  the  depalletlzlng  station.  From  the 
depalletlzlng  station,  cases  will  be  placed  on  a conveyor  awaiting  sorter 
induction. 

Induction  Into  the  sorter  will  take  place  in  the  sequence  dictated  by  the 
sorter  call  order  numbers.  Induction  will  require  one  manual  entry  per 
call  order  - the  NSN  of  the  Item.  Computer  logic  will  sort  (order  pick) 
the  item  by  commissary  to  satisfy  the  MRO  provided  as  a response  to  the 
MRC  entry. 

Item  count  will  be  by  a mechanical  device.  Item  quantity  discrepancies, 
compared  against  the  call  order,  will  be  flagged  to  the  sorter  operator 
via  the  data  terminal  at  that  station. 
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The  specific  equipment  used  to  perform  the  mechanical  sort  can  be  of  many 
different  types.  The  concept  defines  sorter  equipment  capable  of  perform- 
ing 120  sorts  per  minute  and  of  handling  the  size  and  weight  of  the 
majority  of  DICOMSS  items.  This  capability  may  be  accomplished  by  a 
single  high  speed  sorter  or  two  or  more  lower  speed  sorters  in  parallel 
operation.  Sorters  may  be  of  the  tilt  tray  type,  diverter  type  or  other 
arrangements. 

Sorter  capacity  of  120  sorts  per  minute  is  50,400  sorts  per  420  minutes  (7 
hour,  usable)  shift.  This  capacity  is  120  percent  of  the  average  workload  of 
42,000  cases  per  day  for  a 12,000  Short  Ton  (ST)  cycle.  This  workload 
will  be  further  reduced  by  elimination  of  that  portion  that  will  not  be 
mechanically  sorted.  Thus,  the  system  is  designed  at  peak.  The  sorter  is 
expected  to  occupy  the  high  bay  section  of  Building  506. 

Palletizing  personnel  will  build  pallets  at  the  discharge  chutes  at  the 
sorter.  Pallets  will  be  configured  for  shipment.  Some  partial  pallets 
will  occur.  These  pallets  will  be  moved  to  the  designated  post  sort  hold 
area.  Completely  full  pallets,  nominally  48WX40LX43H,  will  be  unitized 
before  being  taken  to  the  designated  location  in  the  post  sort  hold  area. 
Unitizing  can  be  achieved  by  shrink  wrap,  stretch  wrap,  bonding,  or 
strapping  techniques.  A general  requirement  is  that  all  pallets,  both 
complete  and  partial,  would  be  squared  to  the  pallet  corners  providing  a 
flat  top  surface  to  permit  stacking. 

Palletizing  will  also  require  the  generation  of  pallet  identification 
tickets.  These  tickets  will  Identify  the  quantity  of  items  on  a pallet, 
the  compatibility  code  of  the  pallet,  the  density  of  the  pallet,  material 
ROD,  and  the  designated  commissary  staging  area. 

One  scheme  for  achieving  this  is  to  have  a CRT  display,  in  sequence,  items 
available  to  the  palletlzer.  At  completion  of  a pallet,  the  palletizer 
would  indicate  with  a marker  (curser,  light  pen,  etc.)  the  last  item 
placed  on  Che  pallet.  A hardcopy  ticket  would  then  be  produced  for 
attaching  to  the  pallet.  The  ticket  would  be  applied  external  to  either 
stretch  or  shrink  wrap. 

Pallets,  because  of  the  volume  used,  possibly  2,000  per  day,  will  be 
mechanically  supplied  to  the  palletizing  stations.  The  palletizing 
stations  will  also  benefit  from  mechanical  aids.  Such  aids  may  include 
lift  tables  which  may  also  rotate;  back  stops  to  positively  form  two 
sides  of  the  pallet;  gauges  to  Indicate  proper  height  and  width  of 
pallet  loads,  etc. 

The  post  sort  hold  area  will  contain  material  processed  only  in  Building 
506/507.  The  post  sort  hold  area  is  proposed  to  be  a conventional  un- 
racked bulk  storage  area  serviced  from  12  foot  aisles.  The  proposed 
storage  pattern  is  unracked  storage  two  pallets  deep  from  all  aisles. 

Storage  height  is  proposed  to  be  three  or  four  full  pallets  high.  The 
high  bay  area  of  Building  507  will  allow  storage  at  four  pallets  high. 

Canned  goods  will  permit  stacking  to  this  height.  Compatibility  codes 
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and  density  codes  will  not  be  mixed  In  any  stack/locatlon.  The  entire  post 
sort  hold  area  will  be  serviced  by  conventional  (on  board)  forklift  trucks. 

Sort-on-recelpt  freight  planning  consists  of  two  phases.  The  first  phase 
involves  the  decisions  as  to  what  quantity  and  type  of  freight  for  which 
commissary  or  commissaries  should  be  consolidated  for  a seavan  load. 

Freight  planning  In  this  concept  may  be  entirely  automated  or  may  require 
the  Interaction  of  a freight  planner  with  the  computer  through  a real  time 
data  terminal.  In  either  case,  the  decisions  made  will  not  be  unlike  those 
made  in  the  current  manual  freight  planning  operation.  The  goal  of  this 
phase  is  the  development  of  optimized  seavan  loads  in  terms  of  weight,  cube 
and  RDD  requirements.  This  aspect  of  freight  planning  Is  referred  to  as 
"load  configuration". 

The  second  phase  of  freight  planning  Involves  the  preparation  of  the  ship- 
ping documentation  that  will  accompany  the  material  to  the  consignee.  This 
documentation  Identifies  the  specific  Items  loaded  on  the  seavan,  and  will 
be  prepared  after  seavan  loading.  This  phase  is  referred  to  as  "consist 
preparation". 

Stuffing  will  begin  with  receipt  of  the  Load  Configuration  Worksheet  from 
freight  planning.  Complete  pallets  and  partial  pallets  will  be  pulled 
from  Building  506/507  as  Indicated.  Material  stored  external  to  Building 
506/507  and  the  security  area  will  be  order  picked  and  sent  to  the  shipping 
assembly  area.  These  pallets  will  be  consolidated  and  unitized  as  required. 
Pallet  Identification  tickets  will  be  forwarded  to  freight  planning  for 
consist  preparation.  The  seavan  will  be  stuffed,  the  required  documentation 
attached  to  the  material,  and  the  van  sealed. 

Throughout  this  concept  constant  effort  has  been  given  to  maximizing  the  use 
of  space  In  the  Building  506/507  complex.  This  effort  will  also  be  applied 
In  the  allocation  of  staging  space  to  each  commissary. 

Because  of  the  storage  pattern  employed.  Individual  commissary  post  sort 
hold  areas  need  not  be  in  Increments  of  40  pallets — a nominal  seavan  size. 
The  smallest  assignable  space  can  be  In  increments  of  6 or  8 pallets 
depending  on  stack  height. 

Certain  large  commissaries  receiving  essentially  a seavan  a day  could  be 
assigned  a relatively  small  amount  of  space,  approximately  60  pallet 
spaces,  adjacent  to  a shipping  door.  This  arrangement  will  allow  the 
expeditious  outloadlng  of  this  material  on  an  'as  accumulated'  basis. 

In  certain  situations  material  for  this  class  of  coimnissary  may  be  loaded 
directly  from  the  palletizing  operation. 

The  effort  of  this  direct  or  nearly  direct  outloadlng  will  be  to  reduce 
overall  space  requirements.  Potentially  30  percent  of  the  seavans  shipped 
fall  Into  this  category.  That  Is,  perhaps  600  pallet  storage  spaces  will 
be  all  the  space  required  for  this  continuous  moving  of  30  percent  of  the 
DICOMSS  workload. 
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As  described  above,  this  concept  creates  the  capability  of  outloadlng  upon 
receipt  in  certain  cases.  Analysis  of  the  DICOMSS  customers  indicates 
that  a minimum  of  5 and  a potential  of  10  customers  fall  into  this  category. 

This  potential  is  not  assumed  in  any  of  the  following  discussions  of  pallet 
staging  capacity.  Analysis  of  receiving  patterns  will  dictate  the  extent 
to  which  this  direct  loading  can  be  achieved. 

A recent  development  is  the  potential  of  supporting  Middle  East  commissaries 
directly  from  CONUS  via  air  delivery.  Because  of  the  size  of  the  air 
pallets,  this  material  would  be  stored  external  to  Buildings  506/507  after 
sorting.  Currently,  this  material  is  part  of  the  depot  workload  going  to 
GRSA.  This  development  will  further  reduce  the  space  requirements  of 
Building  506/507. 

The  maximum  pallet  storage  capability  of  Building  506/507  as  described  in 
this  paper  is  estimated  at  1A,000  full  pallets.  Due  to  the  constraint 
that  this  will  be  non-racked  storage,  partial  pallets  will  not  significantly 
affect  maximum  cube  utilization. 

The  14,000  pallet  capacity  represents  350  seavan  loads  at  40  pallets  each. 
Approximately  15  percent  of  all  material  will  be  stored  external  to  Build- 
ing 506/507  by  design.  Therefore,  this  storage  plan  provides  the  ability 
to  stage  over  400  seavans.  Further,  all  of  this  material  is  eligible  for 
shipment  Immediately. 

Personnel  requirements  are  estimated  at  130  for  this  concept.  A manual/ 
current  system  requires  160  personnel  to  accomplish  the  mission  for  the 
design  volume  of  12,000  ST/cycle.  The  annual  savings  produced  by  this 
reduction  of  30  personnel  will  be  $405,000. 

Resource  requirements  are  estimated  between  1.8  and  2.0  million  dollars. 
Based  on  this  cost  and  the  above  annual  savings,  the  payback  period  for 
the  system  will  be  4.4  years. 

An  alternate  system,  Storage  and  Retrieval,  being  considered  by  DLA  has 
a cost  of  4,3  million  dollars.  The  Sort-on-Recelpt  concept  is  the  least 
expensive  of  all  systems  proposed  to  date. 

DICOMSS  requires  a management  information  system  (MIS)  and  a material 
control  system  (MCS).  This  system  is  needed  now — but  not  provided.  A 
MIS  shouW  have  the  ability  to  provide  information  for  three  critical 
types  of  decisions.  The  first  decision  is  the  current  status  of  activity. 
The  current  status  of  activity  is  a comparison  of  what  should  be  and  what 
is  against  a short  term  cycle  plan.  A second  requirement  is  to  reflect 
what  has  happened.  This  provides  insight  so  that  management  emphasis  can 
be  applied  to  critical  areas.  The  third  requirement  is  to  project  the 
future.  Anticipation  and  planning  are  the  significant  objectives  of 
senior  management.  The  ability  to  see  into  the  future  in  an  organized 
predictable  manner  can  prevent  or  minimize  adverse  Impacts  on  the  system. 
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A material  control  system  (MCS)  is  different  than  a MIS.  The  objective  of  a 
MCS  is  to  provide  the  same  controls  to  DICOMSS  material  as  that  afforded 
other  DLA-managed  conmodltles.  However,  MOWASP,  the  vehicle  of  material 
control  for  other  DLA  commodities,  was  designed  to  control  inventoried  stock. 
Thus,  DICOMSS  is  a poor  fit  to  MOWASP.  The  MOWASP  System  is  based  on  the 
fact  that  DLA  operates  under  a centralized  Inventory  accounting  and  requi- 
sition processing  system.  True — except  a poor  fit  is  created  as  DICOMSS  Is 
a purchase  to  order,  not  an  Inventory  system.  MOWASP  provides  for  the 
traditional  functions  of  warehouse/inventory  management.  Again,  these 
management/inventory  control  procedures  fit  very  poorly  to  DICOMSS,  the 
non- inventoried  commodity.  Providing  a suitable  MCS  to  DICOMSS  is  an 
objective  of  this  concept. 

Since  there  is  a definite  differentiation  between  the  functional  areas 
supported  by  DDMP  and  DPSC,  it  is  proposed  that  each  activity  be  provided 
with  a mini-computer.  The  mini-computer  at  DPSC  would  support  unique 
center  functions  such  as  requisition  processing,  procurement  MRO  preparation, 
billing,  etc.  Input/output  would  be  accomplished  thru  data  display  terminals 
located  throughout  DPSC's  DICOMSS  operation.  It  is  estimated  that  DPSC  may 
require  as  many  as  fifteen  terminals. 

The  mini-computer  at  DDMP  would  provide  the  depot  with  such  support  as 
extracted  contract  information.  Issued  MROs,  segregation,  sorting,  palletiz- 
ing, staging,  freight  planning,  loading  shipment  confirmation,  etc.  Input/ 
output  would  be  accomplished  by  data  display  terminals  located  throughout 
DDMP's  DICOMSS  operation.  It  is  estimated  that  DDMP  may  require  as  many 
as  forty  terminals. 

The  mini-computers  will  be  interfaced  with  existing  supply  systems  of  each 
activity  as  required  for  exchange  of  data.  The  DPSC  mini-computer  will  be 
Interfaced  with  the  DDMP  mini-computer  on  a real  time  basis.  Functional 
files  maintained  at  each  mini-computer  will  contain  some  common  data  and 
some  data  which  pertains  primarily  to  that  activity.  The  terminals  will 
have  a real  time  Interactive  capability  with  the  activity's  mini-computer. 
Functional  files  will  be  on-line  at  each  mini-computer. 

Each  mini-computer  would  provide  MIS  and  MCS  as  previously  described.  MIS 
and  MCS  peculiar  to  each  activity  will  be  tabulated  by  the  activity's  mini- 
computer on  a regular  basis.  Overall  DICOMSS  MIS  and  MCS  requiring  data 
extraction  from  both  DDMP  and  DPSC  files  can  be  programmed  as  necessary 
with  output  at  either  location. 

Obvious  advantage  is  a faster  response  time  between  DPSC  and  DDMP  for  each 
of  the  required  functions.  The  real  time  capability  will  provide  a 
reduction  of  order  ship  time  of  approximately  eight  days.  This  equates  to 
a reduction  of  some  4,000  tons  of  material  at  DDMP.  The  releasing  of 
valuable  storage  space  will  improve  accuracy,  topped  off  by  overall 
personnel  savings. 
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A requirement  for  optimum  system  design  is  to  investigate  the  workload  through 
operations  research  (OR)  techniques.  Statistical  techniques  can  Identify 
homogeneous  subsets  of  the  existing  workload.  Forecasting  methods  can  provide 
H predictable  look  into  impacts  of  expected  workloads.  Queuing  theory  can 
illustrate  the  effects  of  subsystem  failures  or  workload  fluctuations. 

Simulation,  one  of  the  most  powerful  and  easy  to  use  OR  techniques,  can  pro- 
vide insight  into  system  behavior  under  many  different  sets  of  constraints. 

The  decision  to  use  any  or  all  of  the  above  is  dependent  on  many  factors — the 
two  prominent  factors  being  time  and  money.  Other  factors  are  personnel 
resources  and  procurement  policies.  Personnel  resources  can  be  acquired  both 
Internal  to  DLA  and  external  to  federal  service.  The  method/expectations  of 
procurement  will  govern,  to  a degree,  the  amount  of  parameter  analysis  that 
it  is  desirable  to  perform  in-house. 


258 


•J 


CHART  2 


DICOHSS  DIRECT  SUPPORT  OVERHEAD 
MAINTENANCE 


FUNDING  REQUIREMENTS 


AND  INTERFACE/COMMUNICATION  BETWEEN  DDMP/DPSC. 


COMPUTER  OUTPUTS  ARE  REAL  TIME  INCREMENTS 


REFLECTIONS  ON  DETERMINING 
AN  OPTIMAL  DLA  DEPOT 
SCENARIO 

(Robert  C.  Bilikam) 


1 . Background ; 

The  DLA  Depot  Consolidation  Study  (April  1977)  recom- 
mending consolidation  of  the  DESC  Depot  function  at  other 
locations,  along  with  previous  studies  of. the  Depot  distri- 
bution and  storage  function  (such  as  the  DESC  Electronics 
Distribution  Study  oJ  1973)  prompted  the  rebuilding  of  the 
model  on  which  the  cost  benefits  were  examined.  This 
process  brought  to  light  certain  characteristics  of  the 
problem  recognized  in  the  Electronics  Distribution  Study,  and 
absent  in  traditional  approaches  using  a strict  linear 
programming  transportation  problem  approach  based  on 
i ssue  pattern . 

2.  Problem  Description; 

The  initial  approach  to  describing  a method  of  assignment 
of  is''ues  to  different  depots  simply  consists  of  defining 
the  costs  to  issue  material  to  a customer  area  from  each 

depot,  and  then  assigning  the  optimal  deoot  is  the  combi- 
nation. However,  the  costs  involved  become  defined  by 
interrelationships  which  affect  the  solution  to  the  problem. 

a.  Issue  cost  of  transportation  is  affected  by  arrange- 
ments in  the  distribution  pattern  which  can  add  to  the 
transportation  cost  but  save  cost  in  receipt  of  the 
material  from  suppliers  which  must  be  redistributed  from 
the  depots.  For  example,  material  can  be  issued  from  one 
depot  where  it  is  received  and  received  by  another  depot 

at  less  cost  than  a split  shipment  to  both  depots.  Here 
direct  labor  and  transportation  costs  are  traded  off 
against  multiple  shipment  charges  by  suppliers,  which  must 
perform  similar  services  at  a price. 

b.  Receipts  consist  of  customer  returns  and  procure- 
ment quantities.  The  returns  are  received  primarily  from 
the  customer  areas  to  which  issues  are  sent,  whereas  the 
production  pattern  of  suppliers  by  state  has  no  relation 
to  customer  demand.  Therefore  two  entirely  different 
receipt  mechanisms  determine  the  number  and  origin  of 
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receipts  experienced.  The  transportation  costs  and  direct 
labor  for  procurement  receipts  depend  on  the  location  of 
the  depots  and  how  many  depots  there  are.  To  build  a 
factor  for  the  LP  oroblem  to  be  solved  by  assigning  issues 
from  depots,  the  configuration  of  the  depots  must  be 
considered  in  advance,  thus  making  a number  of  alternative 
solutions  to  the  LP  problem  necessary. 

c.  Finally  the  add  on  cost  of  split  shipment  charges 
and  duplicate  bin  cost  implied  by  each  alternative  must  be 
examined.  These  costs  can  be  a very  large  part  of  the 
total  cost  of  an  alternative,  and  cannot  easily  be  described 
in  the  basic  LP  problem  solution.  Careful  examination  of 
receipt  history  is  required  to  determine  each  of  these 
costs. 

d.  The  examples  provided  by  the  LPO  briefing  were 
intended  to  illustrate  the  affect  of  these  complexities  in 
determining  the  overall  cost  of  a given  distribution 
system . 

3 . Conclusion; 

The  simple  theoretical  framework  of  the  LP  solution  to  the 
distribution  and  receipt  problem  for  a number  of  alter- 
native depots  is  altered  by  a large  number  of  practical 
considerations  about  where  and  how  the  receipts  are  obtained 
to  fill  issues,  and  what  costs  are  incurred  in  distri- 
buting materials  to  our  customers.  In  some  cases  the 
costs  cannot  even  directly  be  entered  into  the  LP  solution, 
but  must  be  accummulated  for  a given  alternative.  The 
fact  that  some  costs  have  in>precisely  fixed  values  does 
not  preclude  their  existence.  The  best  value  for  the 
costs  obtainable  must  be  used  in  order  to  arrive  at  a 
reasonable  cost  estimate  of  the  different  alternatives. 
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RECEIPT  COSTS  - DEPEND  UPON  DEPOT 

CONFIGURATION 


EXAMPLE  1 
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ECONOMIC  RETENTION  LIMITS 


by 

John  W.  Mel  one 


The  purpose  of  this  presentation  is  to  inform  the  DLA  OR  comnunity 
of  some  recent  modelling  efforts  on  the  subject  of  economic  retention 
limits  (see  Chart  1 ). 

Retention  limits,  which  may  be  defined  as  upper  limits  on  the 
stockage  quantity  permissible  for  any  DLA  item,  have  been  a frustrating 
management  decision  problem  for  a number  of  years.  Depending  on  assump- 
tions about  future  needs  and  interpretations  of  the  economics  of  DLA 
stockage,  opinions  have  ranged  from  practically  unbounded  retention 
limits  (keep  all  we  have,  we  may  need  it)  to  fairly  austere  limits  of 
the  order  of  2-3  years  stock  (the  stuff  probably  will  never  be  demanded 
in  today's  environment,  so  get  rid  of  it). 

The  DLA  has  been  using  a limit  of  six  years  stock  as  a general 
retention  limit  for  all  coninodities.  This  limit  is  relatively  subjec- 
tive - that  is,  it  is  based  on  subjective  opinion  about  uncertainty  in 
the  demand  rate  - the  probability  of  eventually  issuing  stock  in  excess 
of  the  six-year  quantity  appears  sufficiently  small  to  warrant  disposal, 
thus  saving  some  holding  costs,  even  though  there  is  some  risk  that  the 
stock  may  have  to  be  repurchased  at  a later  date. 

The  DLA  OR&EA  Office  performed  a study  on  this  subject  in  1971. 

The  study  basically  compared  the  cost  rates  of  holding  versus  repurchase 
of  a marginal  unit  of  stock  and  concluded  that  general  retention  limits 
in  the  range  of  4-8  years  were  applicable  to  DLA  items,  depending  on  the 
obsolescence  periods  assigned  to  DLA  commodities.  Although  the  model 
correctly  formulated  the  economics  of  the  decision  problem,  some  of  its 
assumptions  have  been  questioned.  The  model  assumed  a deterministic 
demand  pattern  for  DLA  items  and  used  procurement  cost  rates  rather  than 
actual  costs  in  measuring  the  cost  of  repurchase.  Recently,  there  has 
been  some  additional  criticism  (not  necessarily  directed  at  the  model) 
within  DLA  of  the  general  concept  of  a retention  limit  - it  has  been 
suggested  that  since  storage  cost  rates  are  so  modest,  and  since  no  one 
can  guarantee  that  stock  will  not  be  demanded,  - that  "a  priori"  we 
should  keep  it.  The  current  modelling  effort  has  made  some  attempt  to 
correct  the  perceived  deficiencies  in  assumptions  of  the  original  study 
effort  and  to  quantify  the  probability  of  demand. 

The  current  OR  study  effort  (see  Chart  2)  on  retention  limits  is  a 
theoretical  one  focusing  on  three  main  factors  which  simultaneously 
determine  the  value  of  the  retention  limit  - the  demand  probability  for 


a given  amount  of  stock  on  hand,  the  forecasted  repurchase  cost  if  the 
demand  materializes  and  we  have  disposed  of  the  stock,  and  the  holding 
costs  of  DLA  materiel.  The  net  return  from  disposal  is  assumed  to  be 
zero. 

Estimating  the  demand  probability  is  the  biggest  problem.  There 
are  simply  no  long-term  demand  profiles  for  DLA  items.  Other  than  main- 
taining at  most  a two-year  demand  history  for  any  item,  only  the  date  of 
last  demand  is  known.  So  the  approach  to  the  estimation  of  demand  proba- 
bility has  necessarily  been  theoretical;  it  carries  the  probability  work 
in  the  item  stockage  model,  published  in  1975,  to  a more  general  level. 

The  approach  assumes  poisson  requisition  frequencies  (generally  a good 
assumption  for  arrival  processes).  Successful  approach  to  this  part  of 
the  problem  required  review  of  requisition  size  distribution  estimators. 

The  review  led  to  reevaluation  of  the  variance  to  mean  square  requisition 
size  ratio  on  the  basis  of  a DISC  sample.  Most  importantly,  however,  a 
long-term  technological  replacement  process  for  DLA  items,  which  occurs 
at  a varying  rate  for  each  item,  has  been  assumed.  The  process  is  shown 
on  Chart  3.  Note  that  statistical  fluctuations  are  permitted. 

Repurchase  costs  have  been  formulated  as  fixed  administrative  charges 
plus  the  acquisition  price  of  the  units  (see  Chart  4).  The  administrative 
charge  has  different  values  for  procurements  in  excess  of  $10,000.  For 
low  dollar  procurements  the  fixed  charge  avoids  the  difficulties  of  a 
procurement  cost  rate.  Since  the  repurchase  cost  is  a future  cost,  it  is 
discounted,  but  the  inflated  price  of  repurchase  stock  is  not  used  because 
the  discount  factor  of  10%  is  already  net  of  inflation.  Holding  costs  are 
considered  to  be  only  storage  costs,  at  the  cost  rate  of  1%,  and  since 
storage  costs  are  a stream  of  future  O&M  expenditures,  they  are  also  dis- 
counted to  present  value. 

The  cost  nx)d- 1 thus  weighs  the  expected  cost  of  retention,  which  is 
the  probability-weighted  time  stream  of  holding  costs,  against  the 
expected  cost  of  disposal,  which  is  the  probability-weighted  repurchase 
cost.  Thus,  the  model  is  an  expected  cost-binary  decision  problem  (the 
two  decisions  being  "dispose"  versus  "retain")  where  the  minimum  expected 
cost  decision  is  chosen.  The  model  is  illustrated  on  Chart  5. 

Pi  represents  the  probability  that  the  demand  occurs  in  the  first  year,  Po 
the  second  year,  etc.  R is  the  repurchase  cost  and  F is  the  discount 
factor  applicable  to  the  given  year.  hV  is  the  holding  cost.  The  cost 
outcomes  of  the  retention  decision  are  shown  in  parentheses.  The  expected 
cost  of  both  the  retention  and  disposal  decisions  were  calculated  for  a 
variety  of  different  obsolescence  periods  and  annual  demand  values. 

Analysis  of  the  solutions  led  to  the  following  conclusions  (see  Chart  6). 

For  obsolescence  periods  in  the  range  of  7-15  years,  which  are 
basically  consistent  with  today's  measured  obsolescence  rates,  the 
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economic  retention  limit  ranged  from  3 to  8 years  stock  at  the  current 
demand  rate  for  all  annual  demand  values  less  than  $10,000,  Conmodlties 
with  high  obsolescence  rates,  such  as  electronics,  would  have  an  ERL  at 
the  lower  value  of  the  range,  and  those  commodities  with  lower  obsoles- 
cence rates  would  have  ERLs  at  the  higher  end  of  the  range. 

These  results  largely  confirm  previous  OR&EA  analysis  - apparently 
there  are  a number  of  routes  to  the  same  conclusion.  The  report  on  this 
work  will  be  Issued  this  summer,  and  the  Directorate  of  Supply  Operations 
may  then  recommend  use  of  different  ERLs,  within  the  cited  range,  for 
each  DLA  conmodity. 


REVIEW  OF  NO  DEMAND  ITEMS 


(Captain  Denis  F.  Deveaux) 


1.  The  purpose  of  this  paper  is  to  present  new  data  which 
supports  retaining  excess  inventories  in  the  electronics 
commodity. 

2.  Data  of  several  types  were  collected.  Data  from  the 
fractionation  tapes  was  saved  for  the  period  1 April  1975 
to  31  March  1976  and  again  for  the  period  1 April  1976 

to  31  March  1977.  Tapes  for  each  period  contained  the 
demand  characteristics  for  all  items  in  the  electronics 
inventory.  Additionally,  data  was  collected  on  individual 
items  identified  as  having  been  in  the  DoD  system  at  least 
nine  years  and  had  been  experiencing  low  demands  or  no 
demands  prior  to  CY  1977  and  were  now  becoming  active 
again. 

3.  Frequency  distributions  were  developed  from  the 
procurement  history  data  on  the  latter  set  of  infor- 
mation collected  in  2 above.  Results  strongly  indicate 
a bathtub  curve  effect  for  electronics.  This  is  graphi- 
cally illustrated  by  the  charts  of  reference  1 showing 
the  number  of  procurements  versus  year  in  the  system 
and  number  of  units  procured  versus  year  in  the  system 
for  22  items  in  nine  different  classes.  Additional  data 
of  this  form  is  being  collected  and  a sample  of  several 
hundred  items  will  be  used  to  verify  the  initial  sample 
characteristics.  It  should  be  noted  that  13  of  the  22 
items  sampled  experienced  lapses  in  procurement  action 
of  from  6 to  10  years.  Several  items  were  found  to  have 
been  in  the  system  five  to  six  years  before  the  first 
procurement  was  made.  The  characteristics  exhibited  by 
the  sample  are  exactly  what  those  familiar  with  the 
operating  characteristics  of  electronic  parts  would 
expect,  i.e.,  that  there  is  a short,  initial  burn-in 
period  when  failures  known  as  "infant  mortalities"  occur, 
followed  by  a long  period  of  "constant  failure  rate"  in 
which  there  are  few  or  no  failures.  This  is  followed  by 
another  period  of  increased  failures  where  breakdown  of 
parts  occurs  due  to  long  exposure  to  environmental  forces 
and  stresses  such  as  heat,  humidity,  power  fluctuations, 
and  circuit  loading.  As  long  as  the  end  item  application 
remains  in  the  DoD  system  (and  some  end  items  predate 
World  War  II),  this  phenomenon  can  be  expected  to  occur 
for  many  items  in  the  electronics  inventory. 

<1 
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4.  The  economics  of  retaining  items  in  the  inventory 
until  it  is  fairly  certain  no  user  requirement  exists 
should  be  self-evident.  DoD  has  large  tracts  of  strate- 
gically located  real  estate  at  which  depots  can  be 
located  using  existing  buildings  and  facilities.  Costs 
of  storage  of  inactive  items  is  negligible  for  DoD 
because  existing  facilities  can  be  used,  there  are  no 
added  costs  of  insurance  and  taxes  as  in  industry,  auto- 
mated systems  have  eliminated  the  need  for  annual  inven- 
tories, and  no  extra  lights,  heat,  maintenance  or  ware- 
housemen are  needed  to  maintain  these  inventories.  It 
cannot  be  shown  that  disposing  of  excess  stock  (elec- 
tronics) will  reduce  any  of  the  out-of-pocket  costs. 

In  fact,  disposal  will  cost  the  government  $3.33  per 
NSN  with  no  hope  of  recovering  any  part  of  the  cost 
of  the  item  through  return  on  disposal  since  DPDS  opera- 
tions are  financed  by  these  returns  (1.26%  for  electronics). 
In  addition,  items  previously  sent  to  disposal  have  had  to 
be  recouped  or  rebought  at  a later  date.  Premiums  to 
repurchase  such  items  are  often  as  much  as  10  times  the 
original  cost  and  higher.  An  example  is  shown  in  refer- 
ence 1. 

5.  The  data  collected  from  the  fractionation  tapes  was 
used  to  obtain  breakouts  of  items  not  having  demand 
during  the  period  1 April  1975  to  31  March  1976  and 
before,  that  experienced  demands  during  the  period  1 April 
1976  to  31  March  1977.  It  was  determined  that  out  of  573,006 
items  in  the  sample,  282,996  had  not  had  demands  before 
and/or  during  the  period  1 April  1975  to  31  March  1976. 

Of  these  282,996  items,  59,741  items  or  21%  became  active 
during  the  period  1 April  1976  to  31  March  1977,  experi- 
encing some  $9,078  million  in  demands.  A more  detailed 
breakout  of  these  items  by  the  number  of  years  without 
demand  prior  to  experiencing  demand  was  inconclusive  be- 
cause many  of  these  items  had  never  had  a demand  since 
coming  under  the  management  of  DESC.  More  detailed 
breakouts  are  being  programmed  using  the  management  data 
to  try  to  establish  the  length  of  period  without  demand 
for  various  items  l)efore  experiencing  demand.  Data  should 
be  available  by  mid  August  1977. 

6.  Preliminary  results  of  our  analysis  indicate  the 
following: 

a.  There  is  evidence  that  the  bathtub  effect  exists 
for  the  electronics  commodity. 
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b.  Arbitrary  disposal  of  items  can  be  extremely  costly 
to  the  government. 

c.  Many  electronic  items  become  active  after  experi- 
encing long  periods  without  demand. 

d.  There  is  no  logical  way  to  determine  which  items 
are  not  needed,  regardless  of  how  long  they  have  been 
inactive,  without  the  aid  of  the  users. 

e.  Any  additional  costs  of  holding  excess  inventories 
(electronics)  in  DoD  can  be  considered  as  negligible 
since  no  real  out-of-pocket  costs  can  be  identified  with 
these  items  that  would  constitute  savings  to  the  govern- 
ment if  they  were  removed. 


REFERENCES 
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129.95  MIN.  COST  TO  REPURCHASE  1 UNIT  + TC 
50.00  ADD.  COST  IF  $100AJNIT 

179.95  TOTAL  POSSIBLE  COST  OF  1 UNIT  + TC 


NATIONAL  BUREAU  OF  STANDARDS 

IIICWCOPY  RESOLUTION  TEST  CHART 


BY  YEARS  WITHOUT  EEIWC 
PRIOR  TO  1 APR  76 


CODITIOWL  PROBABILITY 


13  OR  MORE 


UNIFORM  SWtlS  INVENTORY  MANAGEMENT  SIMULATION  GROUP  MEETING 

by 

Dennis  L.  Zimmerman 


I.  INTRODUCTION 

As  part  of  the  OR/EA  Symposium  Group  Sessions,  a meeting  was  held  to 
discuss  the  Uniform  SAMMS  Inventory  Management  Simulation  (USIMS).  The 
discussion  centered  around  USIMS  applications,  problems,  and  proposals  for 
improvements.  The  participants  in  the  group  meeting  were  OR  analysts  from 
DLA-LO  and  the  DSCs,  with  the  exception  of  DESC  and  D6SC.  This  report 
summarizes  the  discussion  at  the  USIMS  group  meeting. 

II.  DISCUSSION 

A.  Applications.  Little  application  of  USIMS  at  the  DSCs  was 
reported  by  the  participants.  Only  DPSC  is  actively  using  USIMS.  There 
appear  to  be  three  reasons  for  the  low  reported  usage. 

1.  At  the  present  time,  many  of  the  OR  projects  being  done  in 
DLA  are  not  USIMS  applications. 

2.  USIMS  does  model  SAMMS,  but  there  is  some  question  as  to 
how  well  USIMS  models  actual  inventory  management  at  the  individual  DSCs. 

3.  Although  USIMS  has  been  in  existence  for  some  time,  some  DSC 
personnel  are  still  involved  in  the  process  of  validation  and  familiariza- 
tion. 

B.  Problems.  Only  one  specific  problem  was  discussed  at  the 
meeting.  It  Involved  strange  results  at  DPSC  from  USIMS  runs  testing  the 
DoD  variable  safety  level.  Some  of  the  problems  were  identified  as  user 
errors. 

General  problems  cited  were  the  selling  of  USIMS  to  management, 
the  applicability  of  USIMS  in  view  of  the  unique  application  of  SMCC  codes 
at  each  DSC,  and  the  lack  of  a USIMS  Made  Simple  Handbook  for  analysts  and 
management  alike. 

C.  Proposal s for  Improvements . The  proposals  for  improvements  from 
the  last  USIMS  meeting,  which  was  held  in  October  1975,  were  reviewed 
along  with  the  actlon(s)  taken  on  each  proposal.  The  proposals  and  actions 
are  listed  in  Table  1. 

No  new  specific  proposals  to  change  USIMS  were  made.  General 
proposals  were  that  guidance  on  USIMS  application  and  additional  USIMS 
documentation  be  provided  to  the  DSCs. 


Table  1.  1975  Proposals  for  Improvements 


Proposals 

1 . DCSC 

a.  Determine  the  cause  of  the 
high  initial  surge  in  simulated  com- 
mitments and  modify  USIMS  according- 
ly. 


b.  Add  a report  which  will 
match  the  mean  average  deviation 
(MAD)  of  USIMS  to  the  MAD  of  SAMMS 
to  aid  in  knobbing  demands. 

c.  Construct  a program  to 
allow  knobbing  outside  of  simulation 


d.  Revise  variable  safety 
level  (VSLR)  usage  or  add  a new 
adjustment  variable  for  safety 
level . 

2.  DESC 

a.  Include  in  item  sample 
extraction: 

(1)  Non stocked  items. 

(2)  Items  with  zero  numeric 
stockage  objective  (NSO)  quantity 
fields. 

(3)  SMCC  codes. 

b.  Correct  error  in  FRONT 
program  option  dealing  with  con- 
version of  VIP  items,  non-VIP  items. 

c.  Include  individual  item 
demand  history  in  the  demand  genera- 
tor to  give  a more  accurate  simula- 
tion of  actual  demands. 


Action! s) 


a.  A possible  cause  of  the  surge 
may  be  the  fact  that  USIMS  data  does 
not  include  recommended  buys  in  the 
item  assets.  To  offset  this,  an 
option  has  been  provided  in  FRONT  to 
create  due-ins  for  items  below  the 
reorder  point. 

b.  MAO  report  has  been  added  to 
USIMS. 


c.  No  action  taken.  This 
proposal  has  merit  and  such  a program 
will  be  constructed. 

d.  No  action  taken. 


a.  No  action  taken. 


b.  Error  has  been  corrected. 


c.  This  idea  will  be  included 
in  the  construction  of  separate 
demand  generator  program.  (See  Ic.) 
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Proposals 

Action(s) 

d.  Allow  options  to  modify 
incoming  data,  such  as  quarterly 
forecasted  demand  (QFD)  so  that 

USIMS  will  more  accurately  model 
actual  levels. 

d.  Additional  options  to  be 
included  in  FRONT  are  being  studied. 

e.  Change  monthly  reports  to 
quarterly  reports  to  reduce  running 
time  and  free  machine  capacity  to 
expand  other  USIMS  operations  (e.g., 
number  of  years  of  simulation). 

e.  Proposal  not  accepted. 

3.  DGSC 

a.  Include  END  option  in  item 
data  read  into  the  simulation. 

a.  Option  has  been  included. 

b.  Allow  USIMS  output  by 
categories  other  than  value  of 
annual  demand. 

b.  No  action  taken. 

c.  Furnish  change  cards  with 
new  USIMS  versions. 

c.  Because  of  the  unique  ADP 
system  at  each  DSC,  change  cards 
from  DLA-LO  would  be  of  no  use  to 
some  DSCs.  However,  if  requested  by 
a DSC,  they  will  be  furnished. 

d.  Incorporate  SMCC  codes. 

d.  Because  of  the  different 
^applications  of  SMCC  codes  at  the 
DSCs,  this  proposal  could  not  be 
adopted. 

4.  DISC 

a.  Make  a study  of  requisi- 
tions to  determine  if  a better 
demand  generator  can  be  devised. 

a.  DLA  requisitions  are  being 
studied  and  a change  to  USIMS  is 
being  made  in  order  to  improve  USIMS 
demand  replication. 

b.  Allow  "knobbing"  outside 
the  simulator. 

b.  See  Ic. 

c.  Provide  detailed  documen- 
tation on  coding  to  aid  in  under- 
standing the  model . 

c.  No  action  taken. 

d.  Strengthen  the  item  data 
validation  routine. 

d.  This  problem  is  correcting 
itself  as  SAMMS  files  are  being 
cleaned  up. 

Act1on(s 


e.  Change  US IMS  to  compute 
initial  levels  in  STARTX  in  the  same 
manner  as  MIAC.  Should  reduce  the 
initial  commitments  surge. 

5.  DPSC  - No  proposals,  just  went 
on  SAMMS. 

6.  DLA-LO 

a.  Change  requirement  to 
submit  parameter  cards  and  USIMS 
tape  from  quarterly  to  not  less 
than  annually  or  whenever  a DSC 
makes  a change.  DSCs  agreed  and 
also  asked  that  the  20-day  require- 
ment for  submitting  cards  and  taoe 
be  dropped. 


e . See  1 a . 


5.  USIMS  activity  is  now  taking 
place  at  DPSC. 


a.  Changed  as  follows: 

(1)  A magnetic  tape  contain- 
ing the  Simulation  Data  Extraction 
Program  (SRH  120)  and  a copy  of  the 
USIMS  COBOL  reports  are  to  be  sent  to 
DLA-LO  within  45  days  after  the  end 
of  each  quarter. 

(2)  A copy  of  the  parameter 
cards  used  to  run  the  Front-End  and 
simulation  programs  are  to  be 
furnished  to  DLA-LO  within  45  days 
after  the  end  of  the  first  and  third 
quarters  of  each  fiscal  year. 


III.  CONCLUSIONS 


A.  Low  Usage.  The  low  usage  of  US IMS  could  be  improved  by  taking 
the  following  actions; 

1.  Simplify  the  US IMS  procedures  to  permit  usage  by  management. 

2.  Provide  guidance  on  how  management  can  use  USIMS  and  on 
what  management  can  expect  from  USIMS. 

3.  Resolve  the  conflict  with  SMCC  codes  by  either: 

a.  Permitting  USIMS  to  be  modified,  DSC  by  DSC,  to  accom- 
modate SMCC;  or, 

b.  Standardizing  the  application  of  SMCC  codes  throughout 
OLA  (the  less  plausible  of  the  two  alternatives  at  this  time). 

. B.  Improvements.  USIMS  could  be  upgraded  by  a renewed  effort  on 
past  proposal.  In  particular,  the  following  proposals  should  be  worked 
on: 


1.  Construction  of  a demand  generator  outside  of  the  simulator. 

2.  Expansion  of  the  USIMS  data  base. 

C.  Recownendations.  Besides  the  improvements  mentioned  above,  the 
following  documents  should  be  prepared: 

1,  A USIMS  Made  Simple  Handbook. 

2,  A Paper  on  Simulation  - When,  How,  and  What  to  Expect. 

3,  Detailed  Documentation  on  the  USIMS  Programs. 
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COMMERCIAL  ITEM  SUPPORT  PROGRAM 


by 

John  W.  Mel  one 


The  purpose  of  this  presentation  is  to  inform  the  DLA  operations 
research  conmunity  of  the  objectives  of  the  Commercial  Item  Support 
Program  (CISP)  and  the  role  of  the  Operations  Research  and  Economic 
Analysis  Office  in  support  of  this  project.  In  general,  the  OR&EA 
Office  has  committed  itself  to  the  development  of  cost  data  and  cost 
models  for  the  Commercial  Item  Task  Group  (CITG)  in  implementation  of 
this  program. 

To  provide  some  brief  background  on  this  program,  in  May  of  1976 
the  Office  of  Federal  Procurement  Policy  (OFPP)  in  the  Office  of 
Management  and  Budget  (0MB)  issued  a policy  statement  calling  for 
government  agencies  to  utilize  comercial,  rather  than  government, 
distribution  systems  (see  Chart  1).  Subsequently,  in  August  of  1976 
and  January  of  1977  the  GAO  issued  two  reports  in  this  subject  area. 
These  reports  stated  that  the  DLA  managed  and  stocked  many  low-use, 
commercially  available  items  which  could  be  supplied  through  local 
purchase,  thereby  avoiding  unnecessary  costs,  and  that  lack  of  con- 
sideration by  DLA  of  the  full  landed  cost  of  supply  support  for  these 
items  resulted  in  erroneous  cost-justification  for  stockage.  Full 
landed  cost  means  the  price  paid  for  the  item  plus  its  allocated  share 
of  the  cost  to  support  the  system  used  to  acquire  and  deliver  it.  It 
is  thus  an  average  cost  concept. 

By  memorandum  of  18  Jan  1977  AS0(MRA&L)  restated  the  OFPP  policy, 
but  added  two  major  points  (see  Chart  2).  First,  the  memo  required 
that  DoD  activities  consider  total  costs  (that  is,  landed  costs)  in 
determining  the  most  advantageous  method  of  acquiring  and  distributing 
an  item.  The  total  cost  models  which  have  been  developed  by  the  OR&EA 
Office  to  carry  out  this  directive  are  discussed  below.  In  addition, 
the  memo  added  the  requirement  to  consider  military  readiness  in  deter 
mining  the  most  advantageous  method  of  support. 

The  ASD  memo  also  stated  that  the  CISP  will  involve  four  major 
steps. 

First,  items  will  be  selected  in  manageable  increments;  the  memo, 
as  written,  requires  detailed  "testing"  of  10  selected  DLA-managed 
items.  This  testing  envisions  procurement  of  each  item  by  various 
methods  and  "costing"  each  method  at  all  echelons.  This  approach 
appears  questionable  since  a test  of  10  items  will  accomplish  little 
toward  determining  the  disposition  of  1.6  million  SSC-1 , SSC-3,  SSC-7 
and  SSC-A  items. 


( 
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CHART  2 


The  next  step  In  the  CISP  process  requires  a review  of  item 
commercial  availability  to  determine  the  potentials  for  local  purchase. 
Having  made  that  determination,  a decision  would  then  be  made  on  the  use 
of  OoD  or  commercial  distribution  channels,  or  a combination  approach. 

The  last  step  is  the  selection  of  the  best  method  of  procurement. 

In  developing  its  approach  to  the  CISP,  the  CIT6  adopted  four  basic 
objectives  (see  Chart  3).  The  first  objective  is  to  achieve  the  maximum 
use  of  commercial  distribution  channels,  consistent  with  cost  and  readi- 
ness considerations. 

The  second  objective  is  to  reduce  the  number  of  commercial  items 
which  we  stock  and  possibly  reduce  the  quantity  in  store. 

The  third  objective  is  to  achieve  economy  in  product  acquisition  and 
distribution  through  the  application  of  total  (landed)  costs. 

The  last  objective  is  to  mount  a significant  effort  in  cotimercial 
distribution  without  creating  degradation  of  responsiveness  and  readiness. 

Initially,  there  are  categories  of  items  which  in  the  opinion  of  the 
CITG  should  be  excluded  from  consideration  under  the  CISP  (see  Chart  4). 
First,  Military  or  Federal  Specification  items  will  not  be  considered 
until  they  have  been  subjected  to  the  parallel  Commercial  Commodity 
Acquisition  Program  (CCAP).  Additionally,  items  directly  tied  to  readi- 
ness such  as  Mobilization  Reserves,  weapons  systems  items,  and  valid 
"insurance"  items  also  will  be  excluded.  Lastly,  those  items  which 
require  extraordinary  quality  assurance  efforts,  or  are  identified  as 
diminishing  source  items  will  be  excluded. 

At  this  time  there  are  some  serious  concerns  which  people  in  the 
Headquarters  and  the  field  have  voiced  (see  Chart  5).  Probably  the  most 
serious  concern  is  the  extent  to  which  extensive  use  of  the  commercial 
distribution  channels  will  affect  our  ability  to  meet  high  priority  and 
NORS/ANORS  demands  within  UlfllPS  time  frames.  Also,  when  items  are 
decentralized  for  local  purchase,  we  lose  sight  of  the  demand  and,  conse- 
quently, lose  sight  of  the  item  Itself.  We  have  no  idea  whether  or  not 
the  item  should  remain  in  the  catalog.  Certainly,  an  even  more  difficult 
taks  is  measuring  the  effectiveness  of  a system  which  would  have  stocks 
supplied  by  a variety  of  acquisition  and  distribution  methods. 

Another  problem  is  the  determination  of  comnerclal  availability.  It 
is  difficult  to  find  two  consistent  definitions  of  this  term.  Some 
define  it  on  a geographical  availability  basis,  and  others  on  a response- 
time basis. 

Finally,  all  decisions  on  the  best  distribution  method  for  a 
commercial  item  eventually  will  have  to  face  the  problem  of  existing 
stocks  on  hand  - particularly  those  many  items  in  long  supply. 
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Another  problem  the  Task  Group  has  faced  In  approaching  this  program 
is  the  concept  of  total  costs  (see  Chart  6).  The  application  of  total 
costs  In  determining  the  method  of  acquiring  and  distributing  an  Item  has 
been  the  subject  of  considerable  discussion  over  the  past  years.  In  the 
OFPP  approach,  this  Is  not  an  Issue.  The  feeling  there  Is  that  the  use 
of  the  commercial  system  Is  the  most  cost  effective  method  and  no  formula 
Is  needed  to  prove  It.  ASD(MRA&L),  however,  has  required  total  cost  con- 
siderations to  be  an  Integral  part  of  this  program.  This  Is  also  DLA 
policy.  As  mentioned  previously,  we  have  been  criticized  by  the  GAO 
recently  for  not  using  total  costs  In  our  Item  decisions. 

It  Is  Important  to  appreciate  the  magnitude  of  the  effort  In  this 
total  cost  approach.  All  DLA  O&M  costs,  by  organization,  must  be 
reviewed  and  that  portion  of  the  cost  which  Is  attributable  to  the 
management  of  DLA  assigned  Items  of  supply  must  be  Included  In  the  total 
cost.  This  part  of  the  effort  has  been  completed  and  Is  being  reviewed 
by  the  Task  Group.  Then,  depending  on  the  type  of  cost  model,  we  have 
to  deduct  from  the  total  cost  those  costs  which  are  variable  costs,  so 
that  we  are  left  with  the  annual  management  charges  to  be  prorated  to 
each  Item.  The  following  three  cost  models  have  been  developed  (see 
Chart  7). 

1 

In  conclusion,  the  status  of  this  effort  Is  that  the  full  cost 
factors  developed  by  the  0R4EA  Office  are  being  reviewed  by  the  Task  { 

Group.  Also,  the  details  on  the  use  of  the  cost  models  are  in  draft. 

Both  the  cost  data  and  the  cost  models  will  be  reviewed  by  the  DLA  | 

staff  prior  to  transmittal  to  ASD(MRA&L)  for  review  and  approval.  I 
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CHART  6 


CISP  TOTAL  SUPPORT  COST  (TSC)  MODELS 


ISSUE,  TRANSPORTATION  COSTS/LI 


DESC  PRICE  BREAK  STUDY 


(Captain  Denis  F.  Deveaux) 


1.  References; 

a.  OM  lOM,  23  June  1976,  subject:  Price  Breaks. 

b.  LS  lOM,  10  September  1974,  subject:  Minimum 
Buy  and  Price  Break  Policy. 

c.  Austin,  L.  M.  and  R.  E.  Carlburg.  "Use  of  EOQ 
Technique  Obtains  Price  Discounts,"  Defense  Management 
Journal , July  1975. 

PROBLEM 

2.  To  develop  methods  that  can  be  used  to  evaluate 
quantity  discount  prices  where  savings  to  the  Govern- 
ment warrant  the  extra  investment  in  increased  PR 
quantity. 

FACTORS  BEARING  ON  THE  PROBLEM 

3.  Facts. 

a.  Current  operating  policy  guidelines  which 
apply  to  price  break  situations  provide  no  way  of  estab- 
lishing when  savings  in  unit  price  warrant  added  invest- 
ment . 


b.  Current  operating  policy  guidelines  apply  arbi- 
trary dollar  value  limits  to  PR  quantity  increases  which 
DESC-P  may  not  exceed  without  DESC-0  coordination. 

c.  Except  in  obvious  cases,  the  most  economical 
buy  for  the  government  is  not  evident  under  current 
operating  policy  guidelines,  and  choosing  the  best  buy 
is  often  due  to  chance. 

d.  In  a sample  of  awards  furnished  by  PA,  it  was 
found  that  DESC  chose  what  should  have  been  the  optimal 
buy,  as  calculated  by  a price  break  formula,  only  about 
31  percent  of  the  time  where  price  breaks  were  offered. 


e.  In  this  same  sample,  it  was  found  that  useful 
price  break  information  was  available  on  only  45  percent 
of  the  awards  over  $10,000  and  only  24  percent  of  the 
awards  under  $10,000. 

f.  Price  discount  techniques  field,  tested  by  the 
Air  Force  have  proven  both  valid  and  workable,  resulting 
in  price  discounts  which  averaged  4.5  percent  on  tested 
solicitations  (reference  l.c.). 

DISCUSSION 

4.  Current  operational  policy  guidelines  regarding 
price  breaks  as  outlined  in  reference  l.b.  provide  no 
specific  formula  for  evaluating  price  breaks  to  deter- 
mine when  savings  in  unit  cost  warrant  the  extra  invest- 
ment in  increased  PR  quantity.  OM  has  requested  assistance 
in  evaluating  quantity  discounts  as  per  reference  l.a. 

5.  DESC-LPO  has  developed  a simplified  procedure  for 
establishing  the  most  economical  buy  based  upon  compu- 
tation of  the  average  annual  cost  to  the  Government  of 
maintaining  the  item.  This  procedure  is  well  documented 
in  the  literature  and  is  the  accepted  method  for  deter- 
mining the  optimal  order  quantity  when  considering  quantity 
d i scounts . 

6.  DESC-LPO  selected  a sample  of  134  award  contracts 
and  POs  from  PA's  contract  files  for  this  study.  The 
sample  was  drawn  to  be  a proportion  of  the  contracts 
and  purchase  orders  awarded  during  the  FY-7T  quarter 
and  reflects  what  actions  were  taken  in  awarding  buys 

on  items  for  which  a schedule  of  price  breaks  was  avail- 
able. The  total  savings  possible,  based  on  the  minimum 
annual  cost  formula  developed  in  Enclosure  1,  Appendix 
A,  was  $39,569.42  for  the  42  items  which  had  price 
breaks  offered. 

CONCLUSIONS 

7.  Implementation  of  an  aggressive  quantity  discount 
program  should  increase  stock  availability  and  will 
provide  more  stock  for  less  money  in  the  long  run. 

8.  Projections  inferred  from  the  sample  over  awards 
made  in  FY-7T  from  PERS  data  indicate  potential  savings 
of  about  $15,610,844.96  annually  using  the  price  break 
formula. 
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^ 9.  The  low  percentage  of  awards  which  had  useful 

price  breaks  offered  in  the  sample  selected  indicates 
that  perhaps  DESC  is  not  as  aggressive  as  it  should 
be  in  soliciting  price  breaks.  The  potential  to 
significantly  increase  savings  above  the  amount  in- 
ferred by  the  sample  lies  in  improving  procedures 
for  soliciting  and  utilizing  quantity  discounts. 

10.  It  is  to  be  noted  that  if  useful  price  breaks 
could  be  applied  to  more  contracts  and  PO's,  annual 
savings  could  be  substantially  higher  than  the  current 
sample  indicates.  Table  10.1  shows  the  potential 
annual  savings  that  might  occur  if  useful  price  break 
information  were  available  on  from  30  to  100%  of  all 
contracts  and  purchase  orders. 

TABLE  10.1 

POTENTIAL  ANNUAL  SAVINGS 
OBTAINED  EKOM  USEFUL  QUANTITY  PRICE  BREAKS 


Percentage  of 
Contracts/POs 
VJith  Useful 
Price  Break 
Information 

Savings  for 
Awards 
< $10,000 

Savings  for 
Awards 
> $10,000 

Total 

Savings 

100% 

$30,059,343 

$18,178,612 

$48,237,955 

90% 

$27,053,409 

$16,141,159 

$43,194,568 

80% 

$24,047,474 

$14,542,889 

$38,590,363 

70% 

$21,041,540 

$12,725,028 

$33,766,568 

60% 

$18,035,606 

$10,907,167 

$28,942,773 

50% 

$15,029,671 

$ 9,089,306 

$24,118,977 

40% 

$12,023,737 

$ 7,271,444 

$19,295,181 

30% 

$ 9,017,803 

$ 5,453,583 

$14,471,386 

Current  Rate 
(22%,  45%) 

$ 7,347,839 

$ 8,263,005 

$15,610,844 

From  this  data. 

annual  savings 

of  between  $15 

million  and 

$30  million  would  appear  to  be  a realistic  DESC  goal  if 
an  aggressive  program  for  soliciting  and  utilizing  quantity 
discounts  is  adopted. 

11.  A study  conducted  by  the  Air  Force  to  assess  the 
impact  of  a similar  technique  to  reduce  AFLC  costs  using 
price  discounts  proved  both  workable  and  cost  effective 
(reference  l.c.).  Additionally,  the  study  resulted  in 
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improved  procedures  for  soliciting  and  utilizing  quantity 
discounts,  improved  methods  of  predicting  demand  and 
identifying  and  handling  essential  items,  improved 
procedures  for  handling  infrequently  demanded  items,  and 
improved  cross-functional  communications.  It  is  reasonable 
to  assume  that  DESC  and  DLA  might  also  receive  such 
benefits  as  by-products  of  continued  study  and  a vigorously 
applied  quantity  discount  program. 

12.  The  procedure  outlined  in  Technical  Report  77-2  has 

a wide  range  of  application  and  could  result  in  substantial 
savings  to  the  government  if  applied  DLA  wide. 

13.  It  should  be  noted  that  this  proposal  is  (a)  not  a 
new  system,  (b)  not  a new  concept,  and  (c)  not  proposing 
something  we  aren't  already  doing.  What  this  proposal 
provides  DESC  is  a better  way  of  doing  what  we  already 
do. 

OTHER  CONSIDERATIONS 

14.  The  study  indicates  an  expected  17.43%  increase  in 
investment  on  awards  less  than  or  equal  to  $10,000  for 
each  price  break  taken  advantage  of.  The  expected  rate 
of  increase  for  awards  greater  than  $10,000  is  12.88%. 

Thus,  if  DESC  typically  invests  $43.7  million  per  quarter 
on  stock  replenishment  items,  and  the  DESC  goal  is  to 
solicit  useful  price  breaks  on  50%  of  all  contracts  and 
PC's,  then  DESC  will  have  to  plan  for  an  initial  increase 
in  stock  fund  expenditures  of  about  $3.7  million  for  the 
first  quarter  in  which  the  program  is  implemented.  Added 
investment  after  the  initial  increase  will  tend  to  be 
reduced  in  later  quarters,  and,  in  the  long  run,  annual 
investment  should  be  approximately  the  same  as  before  the 
program  is  started. 

ACTION  RECOMMENDED 

15.  Implement  a pilot  test  program  and  set  up  procedures 
to: 

a.  Collect  the  necessary  cost  and  award  data  to 
validate  savings  and  workability  of  the  program. 

b.  Estimate  the  manpower  impact  on  the  system. 


322 


c.  Review  Table  9 for  any  changes  necessary  to 
preclude  generating  too  many  D/Is  because  stock  is  above 
the  SOR  due  to  increased  quantities  resulting  from  buys 
where  quantity  discounts  were  obtained. 


d.  Limit  the  test  program  initially  to  items  in 
the  5950  and  5985  classes  for  purposes  of  data  collection 
and  verification  of  savings  and  workability  of  the  program. 


e.  Establish  a standard  solicitation  form  which 
calls  for  a full  range  of  quantity  discounts  on  items 
solicited. 


f.  Solicit  price 
replenishment  items  as 


break  information  on  as  many  stock 
possible . 


16.  Advise  DLA  of  the  program  being  implemented  at  DESC 
and  furnish  them  with  an  official  copy  of  Technical  Report 
77-2.  Recommend  implementation  of  test  programs  at  other 
DSCs,  if  not  already  in  use. 
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OR/EA  INTERFACES 
by  Laurence  Kohler 


After  formal  presentations,  a discussion  was  held  between  Headquarters 
and  Field  Activity  OR/EA  analysts.  The  purpose  was  to  find  out  whether, 
and  how  well,  OR/EA  is  being  used  in  DLA  and  how  its  use  might  be  enhanced. 
The  following  actions  reflect  the  topics  discussed; 

1.  Review  the  organizational  placement  of  OR/EA  in  the  field  and 
recommend  changes,  if  necessary. 

2.  Revise  OSAR  5100.3,  Operations  Research  and  Economic  Analysis  in 
DLA,  to  clarify  the  role  of  OR/EA  personnel. 

3.  Provide  Field  Activities  with  a list  of  OR/EA  courses  available 
from  Federal  Agencies. 

4.  Develop  an  Index  of  OR/EA  publications  relating  to  depots. 

5.  Provide  for  the  "Navy  Logistics  Quarterly"  to  be  sent  to  OR/EA 
personnel  in  the  field. 

6.  Develop  means  for  HQ  DLA  to  emphasize  the  importance  of  OR/EA 
and  suggesting  how  OR/EA  personnel  should  be  used. 

7.  Send  draft  copies  of  current  OR/EA  studies  to  field  personnel  for 
comment. 

8.  Provide  for  an  OR/EA  Newsletter. 

9.  Provide  guidance  on  submission  of  reports  to  central  repository 
of  logistics  studies,  DLSIE,  Ft.  Lee,  Va. 

10.  Provide  guidance  for  field  OR/EA  personnel  on  how  to  justify 
computer  equipment  or  time. 
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